
U 015030-0 



FORCE DETECTOR 

BACKGROUND OF THE INVENTION 
The present invention relates to a force detector using 
5 capacitance elements or variable resistance elements and, more 
specifically, to a force detector suitable for being applied 
to an input device which obtains operational inputs indicating 
predetermined operation amounts into an electronic apparatus 
such as a portable telephone, game machine, or the like which 
10 executes predetermined processing based on predetermined 
programs . 

In an electronic apparatus such as a portable telephone, 
game machine, or the like, a predetermined operational input 
by a user is accepted, and based on this operational input, an 

15 execution of program proceeds. Normally, such an operational 
input is accepted while a user looks at a cursor or other objects 
displayed on a display screen, and an input indicating one of 
four directions including upward, downward, rightward, and 
leftward directions, or one of eight directions including 

20 diagonal directions as well are . generally required. A device 
called a joystick has been used for executing such an input with 
directivity. Such type of device normally includes a built- 
in two-dimensional force detector which detects a direction and 
an operation amount of the applied operational input by 

25 independently detecting a component in the X-axis direction and 
a component in the Y-axis direction. For example, an operational 
input with a +5 component in the X-axis direction indicates an 
operation amount of 5 in the rightward direction, and an 
operational, input with a -8 component in the Y-axis direction 

30 indicates an operation amount of 8 in the downward direction. 
Of course, detection of an operational input applied diagonally 
is also possible by carrying out an operation for composing the 
component in the X-axis direction and the component in the 
Y-axis direction, and so forth. 

35 In an electronic apparatus such as a portable telephone, 

game machine, or the like, a clicking input is required as well 
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as the abovementioned operational input with directivity. This 
clicking input is basically an input indicating a binary 
condition of ON/ OFF, and it is important to provide an operator 
with a clicking sensation through this input. Therefore, a 
reaction force must be applied with respect to a pressing force 
applied from the operator's finger while securing some degree 
of stroke. As a switch suitable for such ON/OFF inputs with a 
clicking sensation, switches using elasticity of elastic 
materials such as rubber and metals have been generally used, 
and force detectors with a function for making operational 
inputs in predetermined directions as well as clicking inputs 
have been made practicable. 

As relatively inexpensive input devices for electronic 
apparatuses, force detectors using capacitance elements have 
been frequently used. For a force detector using a capacitance 
element, a structure in which the distance between a couple of 
electrodes is changed by externally applied forces is employed, 
and by electrically detecting this electrode distance as a 
capacitance value for the capacitance element, the externally 
applied forces can be determined. Thus, basic components of a 
force detector using a capacitance element are a pair of 
electrodes, wherein advantages of a simple structure and low 
parts costs can be obtained. Therefore, a force detector using 
a capacitance element has been widely used as an input device 
for an electronic apparatus such as a portable telephone, game 
machine, or the like. 

As a method for electrically detecting a capacitance value 
C of a capacitance element, a method using a C/V converter 
circuit for converting the capacitance value C into a voltage 
value V and a method using a C/f converter circuit for converting 
a capacitance value C into a frequency f have been generally 
known. However, general C/V converter circuits and C/f 
converter circuits have oscillation circuits inside, so that 
power consumption during operation is relatively great. 
Therefore, if conventional force detectors using such 
capacitance elements are installed into various electronic 



apparatuses, power consumption increases as a whole. 
Particularly, a design in which battery consumption is reduced 
as long as possible has been demanded for electronic apparatuses 
such as a portable telephone, game machine, or the like which 
are operated by built-in batteries. Therefore, a force detector 
using a capacitance element is disadvantageous in terms of power 
consumption although it is advantageous in terms of 
manufacturing costs . 

Of course, a measure for reducing the entire power 
consumption by intermittently operating a C/V converter circuit 
or C/f converter circuit with great power consumption can be 
taken. For example, if an intermittent operation with 200msec 
periods is carried out in which the circuit is operated for 
20msec and then stopped for the next 180msec, five measurements 
per second are possible while the power consumption is reduced 
to be one tenth. However, even by taking this measure, wasteful 
power consumption cannot be completely suppressed. Considering 
the actual use pattern of a portable telephone or the like, the 
period of input operation for cursor movements or the like is 
very short, so that operation of circuits with great power 
consumption while an operator does not carry out operational 
inputs at all is not efficient. 

Also, in Japanese Patent Application No. 2000-132012, a 
force detector using a variable resistance element is proposed. 
In this detector, a variable resistance element whose 
resistance value changes in accordance with applied pressures 
is used, and externally applied forces can be detected by 
detecting changes in resistance value of this variable 
resistance element . 

In this force detector using the variable resistance 
element, to obtain a detection value of an applied force, a 
measurement of electric resistance of a resistor is essential. 
However, to measure the electric resistance of the resistor, 
it is necessary to make a current flow in the resistor, and some 
degree of power consumption is inevitable during the 
measurement. Therefore, if the abovement ioned force detector 



using the variable resistance element is installed into various 
electronic apparatuses, power consumption increases as a whole. 

SUMMARY OF THE INVENTION 

The object of the invention is, therefore, to provide a 
force detector using capacitance elements or variable 
resistance elements wherein power consumption can be 
efficiently suppressed . 

(1) The first feature of the present invention resides 
in a force detector having a function for detecting a strength 
of an applied external force, comprising: 

a substrate; 

an elastic def ormable body which is disposed at a position 
opposed to the substrate, at least a portion of the elastic 
deformable body being made of material having elastic 
def ormability , and the elastic deformable body displacing with 
respect to the substrate due to an elastic deformation caused 
by the applied external force; 

a force detecting element disposed between the substrate 
and the elastic deformable body and changes in a predetermined 
electrical characteristic due to a displacement of the elastic 
deformable body; 

a switching element including a pair of contacting 
electrodes and carrying out a switching function so that an 
electrical insulated condition is normally maintained between 
the pair of contacting electrodes, and when an external force 
with more than a predetermined strength is applied to the 
elastic deformable body, an electrical conductive condition is 
obtained between the pair of contacting electrodes in response 
to a deformation of the elastic deformable body; and 

a detection circuit for detecting a change in the 
electrical characteristic of the force detecting element as an 
electric signal; 

wherein the detection circuit selectively operates in two 
modes of a detection mode and a standby mode, the detection 
circuit performing a detecting function for outputting a change 



in the electrical characteristic as an electric signal when the 
detection circuit operates in the detection mode, the detection 
circuit maintaining a standby condition waiting for a 
transition to the detection mode without performing the 
5 detecting function when the detection circuit operates in the 
standby mode, a power consumption in the standby mode being less 
than a power consumption in the detection mode; and 

wherein the standby mode is selected when an electrical 
condition between the pair of contacting electrodes is an 
10 insulated condition, and the detection mode is selected when 
an electrical condition between the pair of contacting 
electrodes is a conductive condition. 

(2) The second feature of the present invention resides 
in a force detector having the first feature: 

15 wherein the pair of contacting electrodes included in the 

switching element are comprised of a contacting fixed electrode 
disposed on the substrate and a contacting displacing electrode 
disposed on the elastic deformable body, and when an external 
force with more than the predetermined strength is applied to 

20 the elastic deformable body, due to a deformation of the elastic 
deformable body, the contacting displacing electrode comes into 
physical contact with the contacting fixed electrode. 

(3) The third feature of the present invention resides 
in a force detector having the first feature: 

25 wherein the switching element includes a pair of 

contacting electrodes disposed on the substrate and a mediating 
electrode which simultaneously comes into contact with both of 
the pair of contacting electrodes to make an electrical 
conductive condition between the pair of contacting electrodes, 

30 and 

the mediating electrode is disposed so that the mediating 
electrode is normally maintained to be contacted with neither 
of the pair of contacting electrodes, or contacted with either 
one of the pair of contacting electrodes, and when an external 
35 force with more than the predetermined strength is applied to 
the elastic deformable body, due to a deformation of the elastic 
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deformable body, the mediating electrode simultaneously comes 
into contact with both of the pair of contacting electrodes. 

(4) The fourth feature of the present invention resides 
in a force detector having the third feature: 

5 wherein the mediating electrode is formed at a position 

at which a deformation of the elastic deformable body occurs. 

(5) The fifth feature of the present invention resides 
in a force detector having the fourth feature: 

wherein the pair of contacting electrodes are comprised 
10 of a first ring-shaped electrode and a second ring-shaped 
electrode disposed adjacent to and outside the first electrode, 
and 

the mediating electrode is disposed at a position so as 
to be able to be simultaneously contacted with both the first 
15 ring-shaped electrode and the second ring-shaped electrode at 
any position. 

(6) The sixth feature of the present invention resides 
in a force detector having the fourth feature: 

wherein the pair of contacting electrodes are comprised 
20 of a plural number N of electrodes belonging to a first group 
and a plural number N of electrodes belonging to a second group 
which are arranged on the substrate so that the i-th electrode 
(l<i<N) belonging to the first group and the i-th electrode 
belonging to the second group are adjacent to each other, a pair 
25 of contacting electrodes are formed of an electrode belonging 
to the first group and an electrode belonging to the second group 
which are adjacent to each other, and a total of N pairs of 
contacting electrodes are provided. 

(7) The seventh feature of the present invention resides 
30 in a force detector having the sixth feature: 

wherein electrodes belonging to the first group and 
electrodes belonging to the second group are alternately 
disposed along a circumference defined on the substrate, and 
the mediating electrode is disposed along a circumference 
35 on the elastic deformable body opposed to the circumference 
defined on the substrate. 
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(8) The eighth feature of the present invention resides 
in a force detector having the third feature: 

wherein a domed structure is provided and disposed turned 
down in a vicinity of the pair of contacting electrodes on the 
5 substrate, the domed structure having a property whereby a 
vicinity of an apex elastically deforms to be convexed downward 
when a downward pressing force with more than predetermined 
strength is applied to a vicinity of the apex, and having a 
conductive contacting surface which is used as a mediating 

10 electrode so that, when an external force with more than the 
predetermined strength is applied to the elastic deformable 
body, a shape of the domed structure is inverted due to a 
deformation of the elastic deformable body, and the conductive 
contacting surface simultaneously comes into contact with both 

15 of the pair of contacting electrodes. 

(9) The ninth feature of the present invention resides 
in a force detector having the eighth feature: 

wherein the mediating electrode is comprised of a 
conductive contacting surface which extends from a lower 

20 surface part of an apex of the domed structure to a bottom 
circumferential part of the domed structure, a first electrode 
among the pair of contacting electrodes being disposed at a 
position to be contacted with the bottom circumferential part 
of the domed structure, a second electrode among the pair of 

25 contacting electrodes being disposed at a center of the domed 
structure, and 

the mediating electrode normally maintains a contacted 
condition with only the first electrode, and simultaneously 
comes into contact with both of the first electrode and the 

30 second electrode due to a shape inversion of the domed structure 
when an external force with more than the predetermined strength 
is applied to the elastic deformable body. 

(10) The tenth feature of the present invention resides 
in a force detector having the eighth feature: 

35 wherein the pair of contacting electrodes are disposed 

in a region surrounded by a bottom circumferential surface of 



7 



the domed structure, the mediating electrode comprised of a 
conductive contacting surface formed on a lower surface of an 
apex of the domed structure normally maintains non-contact 
condition to be contacted with neither of the pair of contacting 
electrodes, and when an external force with more than the 
predetermined strength is applied to the elastic deformable 
body, the mediating electrode simultaneously comes into contact 
with both of the pair of contacting electrodes due to a 
deformation of the elastic deformable body. 

(11) The eleventh feature of the present invention resides 
in a force detector having one of the first to the tenth features : 

wherein a capacitance element is used as a force detecting 
element, and the detection circuit detects a capacitance value 
of the capacitance element as an electric signal, the 
capacitance element comprising a detecting fixed electrode 
provided on the substrate and a detecting displacing electrode 
provided at a position on the elastic deformable body which is 
opposed to the detecting fixed electrode and at which a 
displacement occurs. 

(12) The twelfth feature of the present invention resides 
in a force detector having the third feature: 

wherein a capacitance element is used as a force detecting 
element, and the detection circuit detects a capacitance value 
of the capacitance element as an electric signal, the 
capacitance element comprising a detecting fixed electrode 
provided on the substrate and a detecting displacing electrode 
provided at a position on the elastic deformable body which is 
opposed to the detecting fixed electrode and at which a 
displacement occurs, the mediating electrode and the detecting 
displacing electrode being electrically connected, and the 
detection circuit has a function for detecting a capacitance 
value between a contacting electrode which is contacted with 
the mediating electrode and the detecting fixed electrode as 
a capacitance value of the capacitance element in the detection 
mode . 

(13) The thirteenth feature of the present invention 
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resides in a force detector having the third feature: 

wherein a capacitance element is used as a force detecting 
element, and the detection circuit detects a capacitance value 
of the capacitance element as an electric signal, the 
capacitance element comprising a detecting fixed electrode 
provided on the substrate and a detecting displacing electrode 
provided at a position on the elastic deformable body which is 
opposed to the detecting fixed electrode and at which a 
displacement occurs, 

a domed structure is provided and disposed turned down 
in a vicinity of the pair of contacting electrodes on the 
substrate, the domed structure having a property whereby a 
vicinity of an apex elastically deforms to be convexed downward 
when a downward pressing force with more than predetermined 
strength is applied to a vicinity of the apex, and having a 
conductive contacting surface which is used as a mediating 
electrode so that, when an external force with more than the 
predetermined strength is applied to the elastic deformable 
body, a shape of the domed structure is inverted due to a 
deformation of the elastic deformable body, and the conductive 
contacting surface simultaneously comes into contact with both 
of the pair of contacting electrodes, and 

at least an upper surface and a lower surface of a vicinity 
part of an apex of the domed structure are comprised of a 
conductive material and are electrically connected with each 
other, a mediating conductive layer electrically connected to 
the detecting displacing electrode is formed at a portion of 
the elastic deformable body to be contacted with a vicinity part 
of the apex of the domed structure, and the detection circuit, 
has a function for detecting a capacitance value between one 
of the pair of contacting electrodes which is electrically 
contacted with the mediating conductive layer via the domed 
structure and the detecting fixed electrode as a capacitance 
value of the capacitance element in the detection mode. 

(14) The fourteenth feature of the present invention 
resides in a force detector having one of the eleventh to the 



thirteenth features: 

wherein on a surface of at least either one of the 
detecting fixed electrode and the detecting displacing 
electrode, an insulating film is formed to prevent an electrical 
contact between the detecting fixed electrode and the detecting 
displacing electrode . 

(15) The fifteenth feature of the present invention 
resides in a force detector having one of the eleventh to the 
fourteenth features : 

wherein the detection circuit has a C/V converter circuit 
for converting a capacitance value C of the capacitance element 
into a voltage value V, and a control is carried out so that 
the C/V converter circuit is operated in the detection mode and 
is not operated in the standby mode. 

(16) The sixteenth feature of the present invention 
resides in a force detector having the fifteenth feature: 

wherein the C/V converter circuit comprises an 
oscillation circuit for supplying an AC signal to one of the 
electrodes comprising the capacitance element, and a switching 
circuit which causes the oscillation circuit to oscillate in 
the detection mode, and stop an oscillation of the oscillation 
circuit in the standby mode. 

(17) The seventeenth feature of the present invention 
resides in a force detector having one of the eleventh to the 
fourteenth features : 

wherein the detection circuit has a C/f converter circuit 
for converting a capacitance value C of the capacitance element 
into a frequency f , and control is carried out so that the C/f 
converter circuit is operated in the detection mode and is not 
operated in the standby mode. 

(18) The eighteenth feature of the present invention 
resides in a force detector having one of the eleventh to the 
seventeenth features : 

wherein the detecting displacing electrode is comprised 
of a conductive coating layer applied on a surface of an 
integrally molded rubber. 



(19) The nineteenth feature of the present invention 
resides in a force detector having one of the first to the tenth 
features : 

wherein a variable resistance element with a property by 
which a resistance value between two predetermined points 
changes depending on an applied pressure is used as a force 
detecting element, and the detection circuit detects a 
resistance value between the two points of the variable 
resistance element as an electric signal. 

(20) The twentieth feature of the present invention 
resides in a force detector having the nineteenth feature: 

wherein a variable resistance element has a first resistor 
and a second resistor disposed at a position opposed to the first 
resistor, and a surface of at least one resistor of the first 
and second resistors, which is opposed to the other resistor, 
has an uneven structure to elastically deform, and a contact 
surface area between the first resistor and the second resistor 
changes in accordance with a pressure applied in response to 
an applied external force which is a detecting subject so that 
a resistance value between a predetermined point connected to 
the first resistor and a predetermined point connected to the 
second resistor changes in accordance with changes in the 
contact surface area. 

(21) The twenty-first feature of the present invention 
resides in a force detector having the twentieth feature: 

wherein the first resistor and the second resistor are 
formed from a sensitive conductive ink. 

(22) The twenty-second feature of the present invention 
resides in a force detector having the twentieth or the 
twenty- first feature: 

wherein the detection circuit has a circuit for detecting 
a resistance value between the two points of the resistors by 
applying a voltage between the two points, and control is 
carried out so that the voltage is applied in the detection mode 
and is not applied in the standby mode. 

(23) The twenty-third feature of the present invention 



resides in a force detector having the twenty-second feature: 
wherein an electrical conductive/insulated condition 
between the pair of contacting electrodes comprising a 
switching element is used as an ON/ OFF switch to apply a voltage 
5 to the two points of the resistors. 

(24) The twenty-fourth feature of the present invention 
resides in a force detector having one of the first to the 
twenty-third features : 

wherein an operation panel made of a rigid material is 
10 attached to the elastic deformable body, and the elastic 
deformable body deforms based on an operational input applied 
to the operation panel. 

(25) The twenty-fifth feature of the present invention 
resides in a force detector having one of the first to the 

15 twenty-fourth features: 

wherein the elastic deformable body comprises a film 
portion disposed almost in parallel to an upper surface of the 
substrate, a side wall portion for fixing a surrounding of the 
film portion to the upper surface of the substrate, and columnar 

20 projections extending downward from a plurality of positions 
of a lower surface of the film portion, at least a part of the 
film portion and the columnar projections being made of elastic 
material . 

(26) The twenty-sixth feature of the present invention 
25 resides in a force detector having the twenty-fifth feature: 

wherein the elastic deformable body is made of an 
integrally-molded rubber . 

(27) The twenty-seventh feature of the present invention 
resides in an input device for an electronic apparatus for 

30 applying operational input indicating an operation amount in 
a predetermined direction to the electronic apparatus which 
executes particular processing based on a predetermined program, 
wherein the input device comprises a force detector having one 
of the first to the twenty-sixth features, and handles an 

35 external force detected by the force detector as an operation 
amount . 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is an exploded side sectional view of an input 
device for an electronic apparatus relating to a basic 
5 embodiment of the invention; 

Fig. 2 is a top view of operation panel 10, a side section 
along the center of which is shown in Fig. 1; 

Fig. 3 is a bottom view of the operation panel 10, a side 
section along the center of which is shown in Fig. 1; 
10 Fig. 4 is a top view of elastic deformable body 20, a side 

section along the center of which is shown in Fig. 1; 

Fig. 5 is a bottom view of the elastic deformable body 
20, a side section along the center of which is shown in Fig. 
1; 

15 Fig. 6 is a bottom view for explaining disposition of each 

columnar projection formed on the lower surface of the elastic 
deformable body 20 of Fig. 5; 

Fig. 7 is a bottom view showing a displacing conductive 
layer 26 formed on the lower surface of the elastic deformable 
20 body 2 0 of Fig. 5; 

Fig. 8 is a top view of domed structure 30 shown in Fig. 
1, a side section along the center of which is shown in Fig. 
1; 

Fig. 9A and Fig. 9B are side sectional views for explaining 
25 shape inverting operation of the domed structure 30 shown in 
Fig. 1; 

Fig. 10 is a top view of substrate 40, a side section along 
the center (XZ plane) of which is shown in Fig. 1; 

Fig. 11 is a top view showing a condition where the domed 
30 structure 30 is disposed on the substrate 40 of Fig. 10; 

Fig. 12 is a side sectional view of an input device for 
an electronic apparatus constructed by assembling the 
components shown in Fig. 1, wherein the domed structure 30 is 
not shown in a sectional view, but shown in a side view, only 
35 sectional views of the columnar projections PI through P3 are 
shown, and illustration of deep portions thereof is omitted; 
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Fig. 13 is a side sectional view showing a condition where 
a switching input (clicking input) is made in the input device 
for an electronic apparatus of Fig. 12, wherein the domed 
structure 30 is not shown in a sectional view, but shown in a 
side view, only sectional views of the columnar projections PI 
through P3 are shown, and illustration of deep portions thereof 
is omitted; 

Fig. 14 is a side sectional view showing a first condition 
when an operational input in the X-axis negative direction is 
made in the input device for an electronic apparatus shown in 
Fig. 12, wherein the domed structure 30 is not shown in a 
sectional view, but shown in a side view, only sectional views 
of the columnar projections PI through P3 are shown, and 
illustration of deep portions thereof is omitted; 

Fig. 15 is a side sectional view showing a second condition 
when an operational input in the X-axis negative direction is 
made in an input device for an electronic apparatus shown in 
Fig. 12, wherein the domed structure 30 is not shown in a 
sectional view, but shown in a side view, only sectional views 
of the columnar projections PI through P3 are shown, and 
illustration of deep portions thereof is omitted; 

Fig. 16 is a side sectional view showing a third condition 
when, an operational input in the X-axis negative direction is 
made in an input device for an electronic apparatus shown in 
Fig. 12, wherein the domed structure 30 is not shown in a 
sectional view, but shown in a side view, only sectional views 
of the columnar projections PI through P3 are shown, and 
illustration of deep portions thereof is omitted; 

Fig. 17 is a circuit diagram showing an example of a 
detector circuit to be used as the input device for an electronic 
apparatus shown in Fig. 12; 

Fig. 18 is a circuit diagram showing another example of 
a detector circuit to be used as the input device for an 
electronic apparatus shown in Fig. 12; 

Fig. 19 is a circuit diagram showing details of the C/V 
converter circuit in the circuit diagram of Fig. 17 or Fig. 18; 



Fig. 20 is a top view showing a modified example of the 
pair of contacting electrodes shown in Fig. 10; 

Fig. 21 is a top view showing another modified example 
of the pair of contacting electrodes shown in Fig. 10; 
5 Fig. 22 is a top view of substrate 40A to be used as an 

input device for an electronic apparatus which has only a 
one-dimensional operational input function; 

Fig. 23 is a top view of substrate 40B to be used as an 
input device for an electronic apparatus having a three- 
10 dimensional operational input function and a clicking function; 

Fig. 24 is a top view of substrate 40C to be used as an 
input device for an electronic apparatus having a three- 
dimensional operational input function; 

Fig. 25 is an exploded side sectional view of an input 
15 device for an electronic apparatus using a plurality of domed 
structures ; 

Fig. 26 is a bottom view of elastic deformable body 20D, 
a side section along the center of which is shown in Fig. 25; 

Fig. 27 is a bottom view showing displacing conductive 
20 layer 26 formed on the lower surface of the elastic deformable 
body 20D shown in Fig. 26; 

Fig. 28 is a top view of the substrate 40D, a side section 
along the center (XZ plane) of which is shown in Fig. 25. 

Fig. 29 is a top view showing a condition where 5 domed 
25 structures 30 are disposed on the substrate 40D shown in Fig. 
28; 

Fig. 30 is a side sectional view of an input device for 
an electronic apparatus constructed by assembling the 
components shown in Fig. 25; 
30 Fig. 31 is a circuit diagram showing still another 

modified example of the detector circuit shown in Fig. 17; 

Fig. 32 is a side sectional view showing an example in 
which variable resistance element RR is comprised of a pair of 
resistors 73 and 83 having waved uneven structures on the 
35 surfaces; 

Fig. 33 is a side sectional view showing a deformed 
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condition where a pressure -Fz is applied to the variable 
resistance element RR shown in Fig. 32; 

Fig. 34 is a top view of substrate 40E constructed by 
disposing variable resistance elements RR11 through RR44 in 
place of the electrodes Ell through E14 on the substrate 40 shown 
in Fig. 10; 

Fig. 35 is a bottom view of elastic deformable body 20E 
suitable for a case using the substrate 40E shown in Fig. 34; 

Fig. 36 is a side sectional view of a force detector 
comprising the substrate 40E of Fig. 34 and the elastic 
deformable body 20E of Fig. 35, wherein the domed structure 30 
is not shown in a sectional view, but shown in a side view; and 

Fig. 37 is a circuit diagram showing an example of a 
detector circuit to be used for the force detector of Fig. 36. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, the invention is explained based on 
illustrated embodiments. A force detector relating to the 
invention can be installed in various apparatuses and 
industrially used. Herein, an example is described in which a 
force detector relating to the invention is used as an input 
device for an electronic apparatus such as a portable telephone, 
game machine, or the like. 

<« Section 1 >>> 

BASIC STRUCTURE OF INPUT DEVICE FOR AN ELECTRONIC APPARATUS 
RELATING TO THE INVENTION 

First, the basic structure of an input device for an 
electronic apparatus relating to a basic embodiment of the 
invention is explained. Fig. 1 is an exploded side sectional 
view showing components by breaking down this input device for 
an electronic apparatus. As illustrated, this input device for 
an electronic apparatus is comprised of operation panel 10, 
elastic deformable body 20, domed structure 30, and substrate 
40. In actuality, this input device is constructed so that the 
domed structure 30 is disposed on the substrate 40 and covered 
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by the elastic deformable body 20, and furthermore the operation 
panel 10 is attached thereon. This input device is suitable for 
use as an input device for an electronic apparatus such as a 
portable telephone, game machine, or the like which executes 
5 predetermined processing based on predetermined programs, 
which can carry out a switching input indicating ON/OFF 
condition and an operational input indicating an operation 
amount in a predetermined direction. 

The operation panel 10 is disposed on the upper surface 

10 of the elastic deformable body 20, and has a function for 
transmitting a force applied in response to an operator' s action 
to the elastic deformable body 20 and elastically deforming the 
elastic deformable body 20. If this input device is regarded 
as a force detector, an operational input into the operation 

15 panel 10 by the operator is equivalent to an external force to 
be detected by this force detector. Therefore, the operation 
panel 10 performs a function as an operating body for causing 
a part of the elastic deformable body 20 to elastically deform 
with respect to the substrate 40 based on the action of this 

20 external force. 

Fig. 2 is a top view of this operation panel 10, and Fig. 
3 is a bottom view of this operation panel 10. As illustrated, 
the operation panel 10 has a disk shape as a whole, and in this 
embodiment, formed from a resin such as plastic. As mentioned 

25 above, the form of the operation panel 10 does not come into 
question if it can perform the function for transmitting a force 
to the elastic deformable body 20, however, a disk shape is 
suitable for inputting various directional operation amounts. 
To securely transmit the operator's operation to the elastic 

30 deformable body 20, it is preferable that the panel is formed 
from a rigid material such as a resin or metal. In the case of 
the illustrated embodiment, as shown in Fig. 2, the operation 
panel 10 is comprised of three portions including operating 
portion 11, bank portion 12, and outer circumferential portion 

35 13, and from the lower surface thereof, columnar pressing rod 
14 projects as shown in Fig. 3. The operating portion 11 is a 
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smooth depressed portion formed inside the bank portion 12 so 
as to fit the operator's finger, and the outer circumferential 
portion 13 is a tapered portion formed outside the bank portion 
12. The pressing rod 14 is for effectively carrying out 
5 switching inputs indicating ON/OFF conditions as described 
later, and performs a function for effectively transmitting a 
vertical downward force from the operator to the apex of the 
domed structure 30. 

In the case of this embodiment, the elastic deformable 
10 body 20 is formed of an integrally molded silicon rubber. Fig. 

4 is a top view of this elastic deformable body 20, and Fig. 

5 is a bottom view of the same. As illustrated, this elastic 
deformable body 20 has almost a square shape in a plan view. 
The basic components thereof are, as shown in the side sectional 

15 view of Fig. 1, inner film portion 21, ring-shaped protruding 
portion 22, outer film portion 23, side wall portion 24, fixed 
leg portion 25, and columnar projections PI through P3 . As shown 
in Fig. 4, the inner film portion 21 and outer film portion 23 
are film-shaped structures forming the whole square upper 

20 surface of this elastic deformable body 20. Herein, for 
description convenience, the portion inside the ring-shaped 
protruding portion 22 is referred to as inner film portion 21, 
and the outside portion is referred to as outer film portion 
23. The film portions 21 and 23 are disposed almost in parallel 

25 on the upper surface of the substrate 40 while sandwiching the 
domed structure 30. The ring-shaped protruding portion 22 is 
formed on the upper surface of the film portion, and the 
circumference of the upper surface of the inner film portion 
21 is surrounded by this ring-shaped protruding portion 22. In 

30 this embodiment, the ring-shaped protruding portion 22 is a 
so-called washer-shaped structure with a rectangular section, 
which is for efficiently receiving a force from the operation 
panel 10 disposed thereon. 

On the other hand, the side wall portion 24 performs a 

35 function for fixing the circumference of the outer film portion 
23 onto the upper surface of the substrate 40. The film portions 



1 8 



21 and 23 which have a shape of a square are supported at four 
sides by the side wall portion 24 and maintained in a condition 
almost in parallel to the upper surface of the substrate 40. 
As shown in the bottom view of Fig. 5, at the four corners of 
5 the lower surface of the elastic deformable body 20, columnar 
fixed leg portions 25 extend downward/ respectively. These four 
fixed leg portions 25 are inserted into fixing holes 41 (see 
Fig. 1) formed at four positions of the upper surface of the 
substrate 40. Thus, the elastic deformable body 20 is fixed at 

10 a predetermined position on the substrate 40. 

As shown in Fig. 5, on the lower surfaces of the film 
portions 21 and 23, a number of columnar projections PI through 
P3 extending downward are formed. Fig. 6 clearly shows the 
positions of the columnar projections PI through P3 by adding 

15 concentric circles drawn by alternate long and short dashed 
lines to the bottom view of Fig. 5. As illustrated, if three 
concentric circles CI, C2, and C3 are defined around the central 
point of the elastic deformable body 20, it is understood that 
each of the columnar projections PI through P3 is disposed along 

20 the circumference of any of the concentric circles. That is, 
a total of eight columnar projections PI are disposed every 45° 
angle of circumference along the circumference of the inside 
concentric circle CI, a total of sixteen columnar projections 
P2 are disposed every 22.5° angle of circumference along the 

25 circumference of the reference concentric circle C2, and a total 
of eight columnar projections P3 are disposed every 45° angle 
of circumference along the circumference of the outside 
concentric circle C3. 

The side surface shapes of the columnar projections PI 

30 through p3 are clearly shown in the side sectional view of Fig. 
1. To avoid complication, in the side sectional view of Fig. 
1, only the portions of the columnar projections .PI through P3 
which are positioned at the section are described, however, in 
actuality, as shown in the bottom views of Fig. 5 and Fig. 6, 

35 more columnar projections extend downward from the lower 
surface of the film portion. Herein, as shown in Fig. 1, the 
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lengths of the columnar projections P2 are set to be shorter 
than that of the columnar projections PI and P3, and this is 
because the columnar projections PI and P3 and the columnar 
projections P2 have main functions that are different from each 
5 other. That is, the main function of the columnar projections 
PI and P3 is for supporting the inner film portion 21 and outer 
film portion 23 onto the upper surface of the substrate 40 in 
a condition where no inputs are made from an operator. The 
lengths of the columnar projections PI and P3 are set to be 

10 suitable for the pro j ections to perform the supporting function . 
In the illustrated example, the lengths of the columnar 
projections PI are slightly shorter than that of the columnar 
projections P3, and this is because the thickness of electrodes 
formed on the substrate 40 are taken into consideration. 

15 Focusing on this function, the columnar projections PI and P3 
are referred to as supporting columnar projections herein. 

Meanwhile, the main function of the columnar projections 
P2 is, as described later, by coming into contact with 
electrodes formed on the upper surface of the substrate 40, for 

20 aiding a function as a mediating electrode to cause a change 
into an electrical conductive condition. Therefore, the 
columnar projections P2 are referred to as columnar projections 
for electrodes herein. A setting of the lengths of the columnar 
projections P2 for electrodes to be shorter than that of the 

25 supporting columnar projections PI and P3 is so that the lower 
ends of the columnar projections P2 for electrodes are suspended 
so as to be in a physically non-contacted condition with the 
electrodes formed on the upper surface of the substrate 40 when 
no inputs are applied to the operation panel 10 from an operator. 

30 The supporting columnar projections PI and P3 and the 

columnar projections P2 for electrodes are different from each 
other in not only length but also in the side surface shape. 
That is, the supporting columnar projections PI and P3 are 
slightly rounded at the lower ends, while the columnar 

35 projections P2 for electrodes are disk-shaped projections with 
plane lower ends. This shape difference is also based on the 
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abovement ioned difference in function, and the lower ends of 
the supporting columnar projections PI and P3 are shaped to be 
suitable for supporting by coming into contact with the upper 
surface of the substrate 40, while the lower ends of the columnar 
5 projections P2 for electrodes are shaped to be suitable for 
securing an electric conductive condition by coming into 
contact with the electrodes formed on the upper surface of the 
substrate 40. 

As the embodiment described herein, in a case where the 

10 operation panel 10 is comprised of a disk-shaped rigid member, 
it is considered that a force applied from an operator is 
transmitted along the concentric circles around the center axis 
of the operation panel 10, so that it is preferable that the 
columnar projections PI through P3 are also disposed along 

15 predetermined circumferences. Particularly, in the case of the 
illustrated embodiment, if an operational input indicating a 
predetermined direction is inputted to the operation panel 10, 
the applied force is transmitted from the periphery of the 
operation panel 10 to the ring-shaped protruding portion 22. 

20 Herein, the reference concentric circle C2 shown in Fig. 6 is 
defined as a circle corresponding to the center position of the 
ring-shaped protruding portion 22, and the columnar projections 
P2 for electrodes are disposed at predetermined positions 
(sixteen positions) immediately under the ring-shaped 

25 protruding portion 22. Furthermore, inside concentric circle 
CI is defined to be inside the reference concentric circle C2, 
the supporting columnar projections PI are disposed along the 
circumference of the concentric circle CI, the outside 
concentric circle C3 is defined to be outside the reference 

30 concentric circle C2, and the supporting columnar projections 
P3 are disposed along the circumference of the concentric circle 
C3. 

In some electronic apparatuses, there are many cases where 
an operational input for a total of eight directions including 
35 diagonal directions in addition to the four upward, downward, 
rightward, and leftward directions is required. Therefore, 
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assuming such an operational input for eight directions, it is 
preferable that the columnar projections disposed along the 
circumferences are comprised of at least eight columnar 
projections disposed every 45° angle of circumference. In the 
5 illustrated embodiment, a total of eight supporting columnar 
projections are provided for each of PI and P3 every 45° angle 
of circumference on the inside concentric circle CI and outside 
concentric circle C3, meanwhile, in order to obtain secure 
contact to the electrodes of the substrate 40 side, the number 

10 of columnar projections P2 for electrodes to be disposed on the 
reference concentric circle C2 is further increased to a total 
of sixteen disposed every 22.5° angle of circumference. 

As a component of this elastic deformable body 20, one 
more important component is a displacing conductive layer 26 

15 formed in a predetermined region of the lower surface of the 
film portion. Fig. 7 is a bottom view of the elastic deformable 
body 20 to show the formation region of this displacing 
conductive layer 26. In this figure, in a circular region shown 
by applying hatching, the displacing conductive layer 26 is 

20 formed (the hatching in Fig. 7 does not show the section but 
shows the region) . As mentioned above, a number of columnar 
projections are formed on the lower surface of the elastic 
deformable body 20, and this displacing conductive layer 26 is 
formed on the lower surface of the elastic deformable body 20 

25 including the surfaces of these columnar projections . Therefore, 
this means that the displacing conductive layer 26 is also 
formed on the surfaces of the supporting columnar projections 
PI and columnar projections P2 for electrodes that are 
positioned in the hatched region. Concretely, this displacing 

30 conductive layer 26 can be formed of a layer made from a 
conductive material applied on the lower surface of the elastic 
deformable body 20. As mentioned above, in this embodiment, 
since the elastic deformable body 20 is formed of an integrally 
molded silicon rubber. After the illustrated structure 

35 including the columnar projections is integrally molded from 
silicon rubber, a conductive coating is applied on a part of 
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the lower surface of the structure (the circled region with 
hatching applied in Fig. 7) and dried, whereby the displacing 
conductive layer 26 can be formed. The thickness of this 
displacing conductive layer 26 is smaller than that of each 
5 portion of the elastic deformable body 20, so that the 
displacing conductive layer 26 is not shown in a side sectional 
view . 

On the other hand, the domed structure 30 has a shape of 
a turned-down cup as shown in the side sectional view of Fig. 

10 1, which is disposed in the vicinity of the center of the upper 
surface of the substrate 40 so as to be turned down. Fig. 8 is 
a top view of this domed structure 30. The form of the domed 
structure is not especially limited, however, the use of the 
domed structure 30 whose plane shape is circular shown in the 

15 figure is preferable since this makes operational inputs in 
various directions smooth. The domed structure 30 has a property 
of elastic deforming in the vicinity of the apex and inverting 
the shape to be convexed downward when a downward pressing force 
with a predetermined strength or more is applied to the apex. 

20 Fig. 9A and Fig. 9B are side sectional views showing such a 
shape-inverted condition. Fig. 9A shows a condition where no 
external forces are applied, and Fig. 9B shows a condition where 
a downward pressing force F is applied to the apex, and the apex 
is elastically deformed and inverted to be convexed downward. 

25 Needless to say, this shape inversion is elastic deformation, 
so that if the pressing force F is eliminated, the domed 
structure 30 restores to its original condition shown in Fig. 
9A. 

The shape inversion of this domed structure 30 is used 
30 for switching inputs by an operator. Therefore, at least the 
lower surface of the domed structure 30 must comprise a 
conductive contact surface 31. That is, as shown in Fig. 9B, 
when the shape of the vicinity of the apex is inverted, a 
switching input is detected by means of contact between the 
35 conductive contact surface 31 and the electrodes provided on 
the substrate 40. In this embodiment, a metal .dome is used as 
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the domed structure 30. Generally, when a domed structure is 
formed from a metal material, the above-mentioned shape 
inversion occurs, and a dome having the conductive contact 
surface 31 can be realized, however, it is not always necessary 
5 that the domed structure 30 is made from a metal. For example, 
a domed structure is formed from a resin, and a conductive 
material film is formed on the lower surface thereof, whereby 
the conductive contact surface 31 may be realized. 

Next, the construction of the substrate 40 is explained. 

10 The basic functions of the substrate 40 are a function for 
placing the above-mentioned components thereon and supporting 
them and a function for providing a reference surface for 
formation of the electrodes. Fig. 10 shows a top view of the 
substrate 40. Four fixing holes 41 shown in the figure are made 

15 in the upper surface of the substrate 40 for insertion of the 
fixed leg portions 25 of the elastic deformable body 20 as 
mentioned above. 

On the upper surface of the substrate 40, the illustrated 
electrodes Ell through E18 are formed. Herein, based on the 

20 positions at which the electrodes are disposed, four fan-shaped 
electrodes Ell through E14 are referred to as intermediate 
electrodes, two ring-shaped electrodes E15 and E16 disposed 
outside the intermediate electrodes are referred to as outside 
electrodes, and round electrode E17 and ring-shaped electrode 

25 E18 disposed inside are referred to as inside electrodes. In 
Fig. 10, to clearly show the shapes of the electrodes, hatching 
is applied to each electrode. Therefore, the hatching does not 
show sectional views in Fig. 10. In the figure, two hatching 
patterns are used, and this shows that a part of the surfaces 

30 of the electrodes is covered by an insulating film. Concretely, 
since four intermediate electrodes Ell through E14 function as 
detecting fixed electrodes for comprising capacitance elements, 
the surfaces thereof are covered by insulating films. However, 
since the outside electrodes E15 and E16 and the inside 

35 electrodes E17 and E18 function as contacting electrodes for 
judging electrical contact conditions, the conductive surfaces 
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are left to be exposed. The two hatching patterns show the 
distinction between the electrodes covered by insulating films 
and the electrodes with exposed conductive surfaces. 

The ring-shaped outside electrode E15 located at the 
5 extreme outside is formed at the outer circumferential opposing 
portion (a portion of the substrate 40 upper surface at which 
the outside contour line of the operation panel 10 is projected 
on the substrate) opposed to the outer circumference of the 
operation panel 10. In the case of this embodiment, since the 

10 operation panel 10 has a disk shape, the outer circumferential 
opposing portion opposed to the outer circumferential circle 
is also circular, and as illustrated, the outside electrode E15 
is a ring-shaped (washer-shaped) electrode disposed at a 
position opposed to the outer circumferential circle of the 

15 operation panel 10. The outside electrode E16 is a ring-shaped 
(washer-shaped) electrode disposed slightly inside the outside 
electrode E15. More accurately explaining the positions, the 
boundary between the outside electrode E15 and outside 
electrode E16 is positioned along the circumference opposed to 

20 the reference concentric circle C2 shown in Fig. 6, and the 
distance between the outside contour of the outside electrode 
E15 and the inside contour of the outside electrode E16 is 
designed so as to be almost equal to the diameter of the columnar 
projections P2 for electrodes. Therefore, the two outside 

25 electrodes E15 and E16 are regarded as being disposed 
immediately under the columnar projections P2 for electrodes. 

The role of the outside electrodes E15 and E16 is to detect 
an operational input with a predetermined or a more strength 
in a predetermined direction by coming into contact with the 

30 displacing conductive layer 26 formed on the lower surface of 
the columnar projections P2 for electrodes when the input is 
applied to the operation panel 10 by an operator and the elastic 
deformable body 20 deforms. That is, when the elastic deformable 
body 20 deforms in response to an operational input by an 

35 operator and the displacing conductive layer 26 formed on the 
lower surface of any one of columnar projections P2 for 
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electrodes comes into contact with both outside electrodes E15 
and E16, the outside electrodes E15 and E16 come into an 
electrical conductive condition via the contacted displacing 
conductive layer 26. Therefore, it can be recognized whether 
5 or not an operational input with a predetermined strength or 
more is inputted by electrically detecting the electrical 
condition between the outside electrodes E15 and E16. Based on 
this function, the outside electrodes E15 and E16 are referred 
to as a pair of contacting electrodes, and the displacing 

10 conductive layer 26 formed on the lower surface of the columnar 
projections P2 for electrodes is referred to as a mediating 
electrode. Accordingly, a switching element is comprised of the 
pair of contacting electrodes formed on the substrate 40 and 
the mediating electrode formed on the elastic deformable body 

15 20. The pair of contacting electrodes comprising this switching 
element are normally (unless an operational input with a 
predetermined strength or more is applied to the operation panel 
10) maintained to be in an electrically insulated condition, 
however, when an operational input with a predetermined 

20 strength or more is applied to the operation panel 10, the 
mediating electrode comes into contact at the same time by 
deformation of the elastic deformable body 20, whereby an 
electrical conductive condition is obtained. 

The four fan-shaped intermediate electrodes Ell through 

25 E14 are disposed at positions suitable for detecting 
operational inputs with directivity applied by an operator. 
That is, in Fig. 10, when an origin O is taken at the upper surface 
center of the substrate 40, an X-axis is taken in the rightward 
direction in the figure, and a Y-axis is taken in the upward 

30 direction to define an XYZ three-dimensional coordinate system, 
the intermediate electrode Ell is formed in an X-axis positive 
region, the intermediate electrode E12 is formed in an X-axis 
negative region, the intermediate electrode E13 is formed in 
a Y-axis positive region, and the intermediate electrode E14 

35 is formed in a Y-axis negative region. The role of these 
intermediate electrodes Ell and E14 is to provide capacitance 
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elements together with the displacing conductive layer 26 
positioned at the upper side. That is, as shown in Fig. 7 with 
hatching applied, the displacing conductive layer 26 is formed 
on the lower surface of the elastic deformable body 20 as a film, 
5 and a total of four capacitance elements are formed of the 
intermediate electrodes Ell through E14 and portions of the 
displacing conductive layer 26 opposed to the electrodes. 
Concretely, a first capacitance element Cll is formed of the 
intermediate electrode Ell disposed in an X-axis positive 

10 region and a portion of the displacing conductive layer 26 
opposed to the electrode. A second capacitance element C12 is 
formed of the intermediate electrode E12 disposed in an X-axis 
negative region and a portion of the displacing conductive layer 
26 opposed to the electrode. A third capacitance element C13 

15 is formed of the intermediate electrode E13 disposed in a Y-axis 
positive region and a portion of the displacing conductive layer 
26 opposed to the electrode. A fourth capacitance element C14 
is formed of the intermediate electrode E14 disposed in a Y-axis 
negative region and a portion of the displacement conductive 

20 layer 26 opposed to the electrode. 

The four capacitance elements Cll through C14 thus formed 
are comprised of the detecting fixed electrodes (that is, 
intermediate electrodes Ell through E14) which are fixed on the 
substrate 40 and the detecting displacing electrode (that is, 

25 displacing conductive layer 26) formed at a position of the 
elastic deformable body 20 opposed to the detecting fixed 
electrodes at which elastic deformation occurs. As mentioned 
above, the upper surfaces of the four intermediate electrodes 
Ell through E14 that serve as detecting fixed electrodes are 

30 covered by insulating films to obstruct electrical contact with 
the displacing conductive layer 26 which serves as a detecting 
displacing electrode. As described later, when an operational 
input is made, due to deformation of the elastic deformable body 
20, the displacing conductive layer 26 reaches proximity to the 

35 substrate 40, however, since the insulating films have been 
formed, the displacing conductive layer 26 does not come into 
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electrical contact with the intermediate electrodes Ell through 
E14 . Therefore, the capacitance elements Cll through C14 always 
maintain the function as capacitance elements. In addition, the 
insulating films may be formed at the detecting displacing 
5 electrode side (that is, on the lower surface of the displacing 
conductive layer 26) , not at the detecting fixed electrode side, 
or may be formed at both sides. However, in the case of this 
embodiment shown herein, since the displacing conductive layer 
26 is formed as a conductive coating applied on the lower surface 

10 of the elastic deformable body 20, in practical use, it is 
preferable that the insulating film is formed at the detecting 
fixed electrode side, that is, the side of the intermediate 
electrodes Ell through E14 . 

As shown in Fig. 10, further inside the intermediate 

15 electrodes Ell through E14, that is, in the vicinity of the 
center of the substrate 40, two inside electrodes E17 and E18 
are provided. The role of the pair of inside electrodes E17 and 
E18 is to detect a switching input applied to the operation panel 
10 by an operator, that is, a vertical downward pressing force. 

20 The inside electrode E17 is a disk-shaped electrode disposed 
at the center of the substrate, and the diameter thereof is set 
to be smaller than that of the circle composing the bottom 
circumferential surface (edge portion of the bottom) of the 
domed structure 30. On the other hand, the inside electrode E18 

25 is a washer-shaped electrode, and the outer diameter thereof 
is set to be almost equal to the diameter of the circle composing 
the bottom circumferential surface of the domed structure 30, 
and the domed structure 30 is placed on this washer-shaped 
inside electrode E18 . Fig . 11 is a top view showing the condition 

30 where the domed structure 30 of Fig. 8 is disposed at the center 
of the upper surface of the substrate 40 of Fig. 10. In actuality, 
the domed structure 30 is fixed onto the upper surface of the 
substrate 40 with an adhesive agent or adhesive tape. 

As shown in Fig. 9B, when a vertical downward pressing 

35 force F is applied to the vicinity of the apex of the domed 
structure 30, the shape of the domed structure 30 is inverted. 
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At this time, the inside electrode E17 has a shape suitable for 
contact with the conductive contact surface 31 on the lower 
surface of the domed structure 30. In this embodiment, since 
the entire domed structure 30 is formed from a metal, although 
5 the domed structure 30 comes into contact with only the 
washer-shaped inside electrode E18 in the condition shown in 
Fig. 9A, the vicinity of the inverted apex also comes into 
contact with the inside electrode E17 in the condition shown 
in Fig. 9B to perform a function for making an electrical contact 

10 between the pair of inside electrodes E17 and E18. That is, the 
inside electrodes E17 and E18 are formed of a pair of electrodes 
that are physically separated from each other, however, when 
the domed structure 30 made of metal is inverted, the bottom 
circumferential surface of this domed structure 30 keeps 

15 contact with the inside electrode E18, and the lower surface 
in the vicinity of the apex comes into contact with the inside 
electrode E17 and, therefore, the domed structure 30 made of 
conductive material simultaneously comes into contact with both 
inside electrodes E17 and E18. Thereby, both electrodes are 

20 electrically shorted. As a result, by electrically detecting 
the electrical condition between the pair of inside electrodes 
E17 and E18, the ON/OFF condition in accordance with a switching 
input by an operator can be detected. It is not always necessary 
that the entire domed structure 30 is formed from a conductive 

25 material, and if at least a portion from the inner surface (lower 
surface when being turned down) to the bottom circumferential 
surface forms a conductive contact surface, an electrical 
conductive condition between the inside electrodes E17 and E18 
can be obtained. 

30 As mentioned above, on the upper surface of the substrate 

40, three types of electrodes, that is, a pair of outside 
electrodes E15 and E16 (contacting electrodes) , four 
intermediate electrodes Ell through E14 (detecting fixed 
electrodes) , and a pair of inside electrodes E17 and E18 

35 (contact ing electrodes ) are formed. The electrodes are disposed 
as follows by considering the functions of each electrode . First , 
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the inside electrode E18 is disposed at a position to be 
contacted with the bottom circumferential surface of the domed 
structure 30 as mentioned above, and the inside electrode E17 
is disposed at a position to be contacted with the conductive 
5 contact surface 31 which is equivalent to the lower surface in 
the vicinity of the apex of the domed structure when the shape 
of the domed structure 30 is inverted. The pair of outside 
electrodes E15 and E16 are disposed at the outer circumferential 
opposing portions on the substrate 40 opposed to the outer 

10 circumferential portion of the operation panel 10 (portions 
opposed to the reference concentric circle C2 of Fig. 6). On 
the other hand, the intermediate electrodes Ell through E14 are 
disposed at predetermined positions in the intermediate region 
of the upper surface of the substrate 40 to be outside the 

15 disposition region of the domed structure 30 and inside the 
outer circumferential opposing portions. In this embodiment, 
the substrate 40 is comprised of a printed circuit board for 
mounting electronic circuits, and the electrodes are comprised 
of printed patterns of copper or the like formed on this printed 

20 circuit board. The substrate 40 comprised of a printed circuit 
board for electronic circuits is convenient for practical use, 
since various wiring can be laid on the substrate 40 by means 
of printed patterns. 

The displacing conductive layer 26 shown in Fig. 7 with 

25 hatching applied is a single conductive layer formed on the 
lower surface of the elastic deformable body 20, which performs 
an important function by co-action with the electrodes on the 
above-mentioned substrate 40. That is, a portion of the 
displacing conductive layer 26 formed on the lower surfaces of 

30 the columnar projections P2 for electrodes simultaneously comes 
into contact with both of the pair of outside electrodes E15 
and E16 on the substrate 40 to serve as a mediating electrode 
and perform a function for making an electrical contact between 
the pair of outside electrodes E15 and E16 (contacting 

35 electrodes) . Meanwhile, a portion of the displacing conductive 
layer 26 opposed to the intermediate electrodes Ell through E14 
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serves as a detecting displacing electrode and performs a 
function for comprising capacitance elements together with the 
intermediate electrodes Ell through E14 (detecting fixed 
electrodes) . Considering operational convenience described in 
5 Section 2, it is preferable that the mediating electrode and 
detecting displacing electrode are electrically continued 
although their functions are thus different from each other. 
Therefore, as shown in Fig. 7 with hatching applied, it is 
preferable for practical use that the displacing conductive 

10 layer 26 is physically comprised of a single conductive layer 
having outer extending portions at which the columnar 
projections P2 for electrodes are disposed, and a portion of 
this displacing conductive layer 26 (the portion formed on the 
lower surfaces of the columnar projections P2 for electrodes) 

15 is caused to serve as a mediating electrode, and the other 
portion (portion opposed to the intermediate electrodes Ell 
through E14) is caused to serve as a detecting displacing 
electrode . 

Details of the structure of the components shown in Fig. 

20 1 are explained above. An actual input device for an electronic 
apparatus is constructed by accumulating these components . That 
is, the domed structure 30 is placed at the center of the 
substrate 40, the elastic deformable body 20 is placed on the 
structure to cover it (the fixed leg portions 25 are inserted 

25 into the fixing hole portions 41 and fixed) , and the operation 
panel 10 is adhered thereon, whereby the input device for an 
electronic apparatus as shown in the side sectional view of Fig. 
12 (the domed structure 30 is not shown in a sectional view, 
but shown in a side view) is assembled. 

30 

<<< Section 2 >>> 

BASIC OPERATION OF THE INPUT DEVICE FOR AN ELECTRONIC APPARATUS 
RELATING TO THE INVENTION 

Next, the basic operation of the input device for an 
35 electronic apparatus shown in Fig. 12 is explained. Herein, for 
description convenience, an origin 0 is taken at the center of 
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the upper surface of the substrate 40, an X-axis is taken in 
the rightward direction of the figure, and a Y-axis is taken 
in the upward direction of the figure to define an XYZ 
three-dimensional coordinate system so that the substrate upper 
5 surface is included in the XY plane, and the following 
explanation is given based on this. In Fig. 12, an X-axis is 
defined to be rightward in the figure, a Z-axis is defined to 
be upward in the figure, and a Y-axis is defined in the vertical 
direction of the drawing paper plane. 

10 As described above, the input device of the invention has 

a function for making a switching input indicating ON/OFF 
condition (so-called clicking inputs) and an operational input 
indicating an operation amount in a predetermined direction 
into an optional electronic apparatus. Herein, an operator 

15 makes these inputs on the operation panel 10, and basically, 
in the case of making a switching input, the operator fits 
his/her finger to the center of the operation panel 10 and 
presses the portion downward (toward the Z-axis negative 
direction) , and in the case of making an operational input in 

20 a predetermined direction, the operator presses the operation 
panel 10 diagonally downward. 

Fig. 13 is a side sectional view showing a deformed 
condition of each part when an operator carries out a switching 
input (the domed structure 30 is shown in a side section) . When 

25 a pressing force downward in the figure (referred to as Fz- 
meaning the force in the Z-axis negative direction) is applied 
to the operation panel 10, in response to this pressing force 
Fz-, the pressing rod 14 is displaced downward, and a downward 
force is applied to the apex of the domed structure 30 through 

30 the inner film portion 21. The domed structure 30 has a property 
of inverting its shape so as to be convexed downward by elastic 
deformation in the vicinity of the apex when a downward pressing 
force with a predetermined strength or more is applied to the 
apex. Therefore, if the strength of the pressing force Fz- 

35 exceeds a predetermined critical value, as illustrated, the 
shape of the vicinity of the apex of the domed structure 30 is 
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inverted. That is, as the operator gradually increases the 
downward pressing force Fz- , the domed structure 30 is suddenly 
collapsed and changed into the illustrated condition, and a 
clicking sensation is transmitted to the fingertip of the 
5 operator. At this time, the supporting columnar projections PI 
and P3 formed from an elastic material are elastically deformed 
and slightly collapsed vertically. However, the columnar 
projections P2 for electrodes are still suspended. 

Thus, when the shape of the domed structure 30 is inverted, 

10 a condition is obtained where the conductive contact surface 
31 on the lower surface of the domed structure 30 comes into 
contact with the inside electrode E17 of Fig. 10, so that the 
inside electrode E17 and inside electrode E18 are electrically 
connected. When the operator stops the pressing operation, the 

15 domed structure 30 returns to the original condition, and the 
device returns to the condition of Fig. 12. In this condition, 
the inside electrodes E17 and E18 are insulated from each other. 
As a result, by detecting the electrical connected condition 
between the inside electrodes E17 and E18, detection of 

20 switching inputs becomes possible, and detection of so-called 
clicking inputs becomes possible. 

Next, a case where an operator carries out an operational 
input indicating an operation amount in a predetermined 
direction is considered. Such an operational input is provided 

25 as an input indicating an operation amount in four directions 
including upward, downward, rightward, and leftward direct ions , 
or eight directions additionally including diagonal directions. 
In the embodiment shown herein, a total of four capacitance 
elements are formed of four intermediate electrodes Ell through 

30 E14 (the upper surfaces thereof are covered by insulation 
layers) shown in Fig. 10 and displacing conductive layer 26 
opposed to the electrodes. Based on the capacitance values of 
the four capacitance elements, operation amounts in the 
respective directions can be detected. 

35 For example, a case is assumed where an operator applies 

a diagonal downward force containing a force in the X-axis 
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negative direction to the operation panel 10. Herein, a force 
to be applied in response to such an operation is referred to 
as Fx-. Fig. 14 is a side sectional view (the domed structure 
30 is shown in a side view) showing a deformed condition of each 
5 part when such a pressing force Fx- is applied by the operator 
(it is not always necessary that the force be applied to the 
center of the operation panel 10, and in actuality, as 
illustrated, the force is mostly applied to a position which 
is slightly displaced leftward,) . The operating force Fx- is a 

10 diagonal downward force component, so that it also contains the 
downward force component (Z-axis negative directional 
component) as shown in the figure. However, since this downward 
force component is smaller than the pressing force Fz- in 
response to the above-mentioned clicking operation, the force 

15 is not sufficient to invert the shape of the domed structure 
30. Therefore, the operation panel 10 inclines in Fig. 14 so 
that the left side lowers and the right side rises. In other 
words, for the domed structure 30, a structure may be used, which 
has a property whereby the shape is inverted by a vertical 

20 downward pressing force applied as a switching input, and the 
shape is not inverted by a diagonal downward pressing force 
applied as an operational input in a predetermined direction. 
Furthermore, the same phenomenon also occurs when a vertical 
downward pressing force FFx- is applied to the vicinity of the 

25 left end of the operation panel 10 in the figure in place of 
the diagonal downward operating force Fx- shown in Fig. 14. In 
this embodiment, an "operational input indicating an operation 
amount in the X-axis negative direction" contains not only a 
diagonal downward operational input such as the operating force 

30 Fx- but also an operational input for vertically pressing-in 
the position displaced in the X-axis negative direction 
downward such as the operating force FFx- . The operating force 
FFx- is an operational input equivalent to the operating force 
Fx- . 

35 As shown in Fig. 14, when the operating force Fx- (or FFx-, 

and so forth) which inclines the operation panel 10 leftward 
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is applied, the columnar projections PI and P3 in the left half 
of the figure are elastically deformed and collapsed vertically. 
On the other hand, the supporting columnar projections PI and 
P3 in the right half of the figure come into a floating condition 
5 from the upper surface of the substrate 40 as illustrated. As 
a result, when an operating force Fx- with a predetermined 
strength or more is applied, as shown in Fig. 14, the lower end 
face of the columnar projection P2 for an electrode at the left 
end of the figure (displacing conductive layer to serve as a 

10 mediating electrode) comes into contact with both outside 
electrodes E15 and E16 to make continuity between the outside 
electrodes E15 and E16, and the potential of the entire 
displacing conductive layer 26 becomes equal to the potential 
of the outside electrodes E15 and E16. As the operating force 

15 Fx- is further strengthened from this condition, as shown in 
Fig. 15, the supporting columnar projections PI and P3 in the 
left half of the figure are further elastically deformed. and 
collapsed, and the columnar projection P2 for an electrode is 
also slightly elastically deformed and collapsed. Finally, as 

20 shown in Fig. 16, the supporting columnar projections PI and 
P3 and the columnar projection P2 for an electrode on the left 
side of the figure are completely collapsed. As mentioned above, 
the surfaces of the intermediate electrodes Ell through E14 are 
covered by insulation layers. Therefore, even if the displacing 

25 conductive layer 26 is closely contacted with the intermediate 
electrode E12 as shown in Fig. 16, the insulation layers are 
interposed between the electrodes, and the electrodes still 
serve as capacitance elements. 

Herein, when the condition of Fig. 12 is changed into the 

30 conditions of Fig. 14, Fig. 15, and Fig. 16, if changes in the 
capacitance values of the capacitance elements comprised of the 
intermediate electrodes Ell through E14 and the displacing 
conductive layer 26 opposed to the electrodes are considered, 
in the second capacitance element C12 comprised of the 

35 intermediate electrode E12 shown on the left of the figure and 
displacing conductive layer 26 opposed to the electrode, since 
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the electrode interval is gradually reduced, the capacitance 
value gradually increases. On the other hand, in the first 
capacitance element Cll comprised of the intermediate electrode 
Ell shown on the right of the figure and the displacing 
5 conductive layer 26 opposed to the electrode, since the 
electrode interval is gradually increased, the capacitance 
value is gradually lowered. Therefore, the difference between 
> the capacitance value of the first capacitance element Cll and 
the capacitance value of the second capacitance element C12 that 

10 are disposed along the X-axis is calculated, and this difference 
indicates the strength of the operating force Fx-. To the 
contrary, when an operating force Fx+ in the X-axis positive 
direction is applied, the operation panel 10 inclines rightward, 
so that the relationship of the increase and decrease in 

15 electrode intervals becomes reversed. Still in this case, the 
difference between the capacitance value of the first 
capacitance element Cll and the capacitance value of the second 
capacitance element C12 indicates the strength of the operating 
force Fx+ . In short, the absolute value of the difference 

20 between the capacitance value of the first capacitance element 
Cll (capacitance element comprised of the intermediate 
electrode Ell and displacing conductive layer 26) and the 
capacitance value of the second capacitance element C12 
disposed along the X-axis (capacitance element comprised of the 

25 intermediate electrode E12 and displacing conductive layer 26) 
indicates the operation amount inputted as an operating force 
Fx- or Fx+ in the X-axis direction, and the sign of the value 
indicates the direction of the inputted operation amount 
(X-axis positive direction or negative direction) . 

30 According to the same principle, the difference between 

the capacitance value between the third capacitance element C13 
(capacitance element comprised of the intermediate electrode 
E13 and displacing conductive layer 26) disposed along the 
Y-axis and the fourth capacitance element C14 (capacitance 

35 element comprised of the intermediate electrode E14 and 
displacing conductive layer 26) is calculated, the absolute 
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value of this difference indicates the operation amount 
inputted as the operating force Fy- or Fy + in the Y-axis 
direction, and the sign of the value indicates the direction 
(Y-axis positive or negative direction) of the inputted 
5 operation amount. 

When only an operating force in the X-axis direction is 
applied, the operation panel 10 inclines in only the X-axis 
direction, and the panel does not incline in the Y-axis 
direction. Therefore, the electrode interval of the third 

10 capacitance element C13 and fourth capacitance element disposed 
along the Y-axis is partially lengthened and partially 
shortened, and the capacitance value of the entirety of the 
capacitance elements does not change. Likewise, when only an 
operating force in the Y-axis direction is applied, the 

15 operation panel 10 inclines in only the Y-axis direction, and 
does not incline in the X-axis direction. Therefore, the 
electrode interval of the first and second capacitance elements 
disposed along the X-axis is partially lengthened and partially 
shortened, and the capacitance value of the entirety of the 

20 capacitance elements does not change. As a result, the first 
and second capacitance elements can detect only operation 
amounts in the X-axis direction, and the third and fourth 
capacitance elements can detect only operation amounts in the 
Y-axis direction. Therefore, components of the operation 

25 amounts in the respective axial directions can be separately 
detected . 

Such operation amounts in the X- or Y-axis direction can 
be inputted when the operator inclines the operation panel 10 
in four directions, upward, downward, rightward, and leftward, 

30 and if predetermined operation processing is executed, 
detection of operation amounts in more directions becomes 
possible. For example, an operation amount relating to a total 
of eight directions additionally including 45° directions can 
be calculated as a composite component of an operation amount 

35 in the X-axis direction and an operation amount in the Y-axis 
direction. Concretely, for example, if an operation amount x 
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in the X-axis direction and an operation amount y in the Y- 
axis direction are calculated, it can be regarded that an 
operation amount of square root (x 2 +y 2 ) acted in a diagonal 45° 
direction (which direction can be determined from the 
5 combination of the signs of the operation amounts x and y) . 

Thus, by measuring the capacitance values of the four 
capacitance elements, an inputted operation amount in an 
optional direction can be detected in principle. However, in 
the device according to this embodiment a measure is taken to 

10 prevent such an operation amount detected value from being 
unexpectedly outputted. In a case of an input device using the 
elastic def ormable body 20, even when an applied force is slight, 
the elastic deformable body 20 elastically deforms, and the 
capacitance values of the capacitance elements change. For 

15 example, in Fig. 13, a condition is shown where a pressing force 
Fz- is applied downward in the figure in order for the operator 
to carry out a clicking operation. When only the pressing force 
Fz- is thus accurately applied downward, the capacitance values 
of the four capacitance elements equally change, so that if the 

20 above-mentioned differential detection is carried out, the 
detected value of the operation amount in the predetermined 
direction becomes zero. However, in actuality, the operator 
operating the operation panel 10 is human, and even if he/she 
applies a force as a downward clicking operation, the applied 

25 operation pressing force will include not only a component in 
the Z-axis negative direction but also a component in the X-axis 
or Y-axis direction. Therefore, if the differential detection 
using the four capacitance elements is carried out, when an 
operator carries out only a clicking operation, an operation 

30 amount relating to any direction will be detected. 

Generally, as an input device for an electronic apparatus, 
it is preferable that a switching input (clicking input) 
indicating an ON /OFF condition and an operational input 
indicating an operation amount in a predetermined direction can 

35 be independently detected and there is no interference between 
these inputs. In other words, preferably, in a case where an 
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operator presses vertically the operation panel 10 downward 
while he/she intends to carry out a clicking operation, only 
a switching input for changeover from an OFF condition to an 
ON condition is to be detected so that no operational inputs 
5 indicating operation amounts in predetermined directions are 
detected, and to the contrary, when the operator presses the 
operation panel 10 diagonally downward while he/she intends to 
carry out an operational input indicating an operation amount 
in a predetermined direction, only the operation amount is to 

10 be detected while no switching inputs are detected. In an input 
device for an electronic apparatus according to this embodiment, 
these two types of inputs can be independently detected, and 
interference between them is prevented as much as possible. 

First, regarding switching inputs, detection of an ON 

15 condition is carried out only when a vertical downward pressing 
force Fz- which is sufficient to invert the shape of the vicinity 
of the apex of the domed structure 30 is applied, so that a 
problem in that an ON condition of a switching input is detected 
by mistake although an operator intending to input an 

20 operational input indicating an operation amount in a 
predetermined direction can be prevented. For example, even 
when a diagonal downward operational input is applied as shown 
in Fig. 14 through Fig. 16, a vertical downward pressing force 
applied to the vicinity of the apex of the domed structure 30 

25 is insufficient to invert the shape of the structure, detection 
of an ON condition is not carried out with respect to a switching 
input. (Of course, if the operator intentionally carries out 
a pressing operation combining a clicking operation and an 
operational input in a predetermined direction, both two inputs 

30 are detected. ) 

On the other hand, regarding an operational input 
indicating an operation amount in a predetermined direction, 
as mentioned above, although the capacitance values themselves 
of the four capacitance elements change, a measure is taken to 

35 prevent changes in the capacitance values from being outputted. 
To obtain an output of the detected value by using this measure, 
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the measurements of the capacitance values of the capacitance 
elements may be made by using the outside electrodes E15 and 
E16. For example, the capacitance value of the second 
capacitance element £12 is originally measured by measuring the 
5 capacitance value between the intermediate electrode E12 and 
displacing conductive layer 26 by an electrical method, however 
in place of this, the capacitance value of the intermediate 
electrode E12 and the outside electrode E15 or E16 is measured 
by an electrical method. In short,, among the electrodes in Fig. 

10 10, the measured capacitance value between the intermediate 
electrode Ell and the outside electrode E15 or E16 is used as 
the detected capacitance value of the first capacitance element 
Cll, the measured capacitance value between the intermediate 
electrode E12 and the outside, electrode E15 or E16 is used as 

15 the measured capacitance value of the second capacitance 
element C12, the measured capacitance value between the 
intermediate electrode E13 and the outside electrode E15 or E16 
is used as the measured capacitance value of the third 
capacitance element C13, and the measured capacitance value 

20 between the intermediate electrode E14 and the outside 
electrode E15 or E16 is used as the detected capacitance value 
of the fourth capacitance element C14. 

By employing such a detection method, an actual detected 
capacitance value of each capacitance element is outputted 

25 under a condition where the displacing conductive layer 26 comes 
into electrical contact with the outside electrode E15 or E16. 
For example, in the condition of Fig. 12 or Fig. 13, the 
displacing conductive layer 26 is not contacted with the outside 
electrodes E15 and E16, so that the difference detected value 

30 of the above-mentioned pair of capacitance elements is 
maintained at zero. Therefore, when an operator carries out a 
switching input operation, an operation amount in a 
predetermined direction is prevented from being detected by 
mistake. As shown in Fig. 14, in response to a difference in 

35 detection of the above-mentioned pair of capacitance elements, 
an operation amount in a predetermined direction is outputted 
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as a detected value after some degree of operation amount is 
inputted and a part of the displacing conductive layer 26 formed 
on the lower surface of the columnar projections P2 for 
electrodes comes into contact with the outside electrode E15 
5 or E16. Therefore, the portion is a so-called insensitive zone 
until it comes into contact with the electrode, and the 
difference detected value to be outputted is maintained at zero. 
In the case of this embodiment shown herein, as shown in Fig. 
6, a total of sixteen columnar projections P2 for electrodes 

10 are formed on the circumference of the reference concentric 
circle C2, and displacing conductive layers are formed on the 
lower surfaces of the sixteen columnar projections P2 for 
electrodes. Therefore, if any of the displacing conductive 
layers formed on the lower surfaces of the sixteen columnar 

15 projections P2 for electrodes comes into contact with the 
outside electrode E15 or E16, an intentional output of a 
difference detected value can be obtained. 

As mentioned above, the input device for an electronic 
apparatus relating to the embodiment can realize both input 

20 functions, that is, a switching input (so-called clicking 
input) indicating an ON/OFF condition and an operational input 
indicating an operation amount in a predetermined direction 
while employing a relatively simple structure comprising basic 
components including the operation panel 10, elastic deformable 

25 body 20, domed structure 30, and substrate 40. Particularly, 
an input device for an electronic apparatus suitable for mass 
production can be realized if the deformable body 20 is obtained 
by integrally molding an elastic material such as silicon rubber 
or the like, the displacing conductive layer 26 is formed of 

30 a layer of a conductive coating applied on the lower surface 
of the elastic deformable body, the substrate 40 is formed of 
a printed circuit board for mounting circuits, electrodes on 
the upper surface of the substrate are formed of printed pattern 
layers, and insulation layers covering the electrodes are 

35 formed of resist layers. 

As a result, in an input device for an electronic apparatus 
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relating to this embodiment, when a switching input in the 
downward direction is made to the operation panel 10, the shape 
of the domed structure 30 is inverted, whereby the conductive 
contact surface 31 and the inside electrode E17 come into 
5 contact with each other to make an electrical connection between 
the pair of inside electrodes E17 and E18. Then, by electrically 
detecting this conductive condition, an ON/OFF condition is 
detected. When an operational input with a predetermined 
strength or more, which indicates an operation amount in a 

10 predetermined direction, is made to the operation panel 10, the 
capacitance values of the capacitance elements are calculated 
based on the electrical characteristics between the outside 
electrode E15 or E16 and the intermediate electrodes Ell through 
E14, whereby the inputted operation amount is detected. 

15 In this detecting operation, components performing 

important functions are the supporting columnar projections PI 
and P3 supporting the film portion of the elastic deformable 
body 20 and the columnar projections P2 for electrodes which 
form contact portions to be contacted with the outside 

20 electrodes E15 and E16. These columnar projections are formed 
from an elastic material, so that they elastically deform in 
response to action of a force applied to the operation panel 
10, and the amounts of deformation change in accordance with 
the applied force. Due to such deformation of the columnar 

25 projections, the distance between a specific portion of the film 
portion and the upper surface of the substrate 40 is narrowed, 
and when the strength of the applied force exceeds a 
predetermined threshold, a portion of the displacing conductive 
layer 26 comes into contact with the outside electrodes E15 and 

30 E16, and as the electrical characteristics between the outside 
electrodes E15 and E16 and the intermediate electrodes Ell 
through E14, the capacitance values of the capacitance elements 
are measured, and then outputted as intentional detected values . 
Moreover, depending on the inputted operation amount, the 

35 electrode interval of the capacitance elements changes, so that 
a detected value in accordance with the operation amount can 
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be outputted. 

One advantage of this embodiment is that the structure 
in which the film portion of the elastic deformable body 20 is 
supported by the supporting columnar projections PI and P3 
greatly contributes to reduce the thickness of the entire device . 
That is, by the supporting function of the supporting columnar 
projections PI and P3, displacement of the film portion is 
prevented unless a force with a predetermined strength or more 
is applied to the operation panel 10. Therefore, even if the 
entire elastic deformable body 20 is set to be very thin, the 
displacing conductive layer 26 and outside electrodes E15 and 
E16 are prevented from coming into contact with each other by 
mistake due to action of the tare weight of the film portion 
and forces other than the original operational input. 

<« Section 3 >>> 

FUNCTION OF SWITCHING ELEMENT OF THE FORCE DETECTOR OF THE 
INVENTION 

The construction of the input device for an electronic 
apparatus using the force detector of the invention is mentioned 
in the above Section 1, and the operation of this device is 
mentioned in Section 2. The object of the invention is to 
efficiently suppress power consumption in a force detector 
using such capacitance elements. As aforementioned, in a force 
detector using capacitance elements as mentioned in Section 1 
and Section 2, in order to electrically detect a capacitance 
value C of the capacitance elements, a C/V converter circuit 
for converting the capacitance value C into a voltage value V 
and a C/f converter circuit for converting the capacitance value 
C into a frequency f are necessary, however, generally C/V 
converter circuits and C/f converter circuits have oscillation 
circuits inside, so that power consumption during operation is 
relatively great. The basic spirit of the invention is to save 
power consumption by stopping the function of a detection 
circuit for detecting the capacitance value of the capacitance 
elements as an electric signal when detection of an external 



force is not necessary. Concretely, circuits with great power 
consumption such as a C/V converter circuit and a C/f converter 
circuit installed in a detection circuit may be operated in only 
a case where detection outputs are required. 
5 In the device described in Section 1 and Section 2, a total 

of four capacitance elements, that is, two capacitance elements 
Cll and C12 disposed along the X-axis and two capacitance 
elements C13 and C14 disposed along the Y-axis are used, and 
by these capacitance elements, operational inputs in four 

10 directions inputted to the operation panel 10 are detected. That 
is, based on the difference in the capacitance value between 
the two capacitance elements Cll and C12 disposed along the 
X-axis, an operational input in the X-axis positive or negative 
direction is detected, and based on the difference in the 

15 capacitance value between the two capacitance elements C13 and 
C14 disposed along the Y-axis, an operational input in the 
Y-axis positive or negative direction is detected. 

Fig. 17 is a circuit diagram showing an example of a 
detection circuit for detecting operational input in four 

20 directions based on the capacitance values of these four 
capacitance elements Cll through C14 . The basic components of 
this detection circuit are C/V converter circuit 50 and signal 
processing circuit 60. Both circuits are provided with 
terminals for supplying power Vcc and terminals for grounding. 

25 The C/V converter circuit 50 has a function for converting the 
capacitance values of the four capacitance elements Cll through 
C14 into analog voltage values Vll through V14 and outputting 
them. The signal processing circuit 60 converts these analog 
voltage values Vll through V14 into digital values, and then 

30 defines the difference between the voltage values Vll and V12 

as an operational input value in the X-axis positive or negative 

direction, and defines the difference between the voltage 

values V13 and V14 as an operational input value in the Y-axis 

positive and negative direction, and outputs these operational 

35 input values as digital outputs, or executes predetermined 

v 

operation processing based on these operational input values 
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and outputs the results of the operation as digital outputs. 
The operation processing differs depending on the electronic 
apparatus for which this input device is used. Of course, a 
construction may also be employed in which a differential 
5 amplifier or the like is used to calculate the difference as 
an analog signal and convert this into a digital signal. 

In a force detector used in this basic embodiment, as 
mentioned in Section 2, an insensitive zone is provided to 
prevent a change in the capacitance value from being outputted 

10 as a detected value unless an operational input applied to the 
operation panel 10 has a predetermined strength or more. For 
example, the capacitance value of the second capacitance 
element C12 is originally measured by electrically measuring 
the capacitance value between the intermediate electrode E12 

15 and the displacing conductive layer 26. However, in place of 
this original method, a method in which the capacitance value 
between the intermediate electrode E12 and the outside 
electrode E15 (or E16) is electrically measured is employed. 
That is, detection of an operational input in the X-axis 

20 negative direction as an effective input becomes possible after 
some degree of operation amount is inputted and a portion of 
the displacing conductive layer 26 formed on the lower surfaces 
of the columnar projections P2 for electrodes comes into contact 
with the outside electrodes E15 and E16 as shown in Fig. 14, 

25 and the portion is an insensitive zone until the contact with 
the electrodes is obtained. 

On the upper left of Fig. 17 , a pair of outside electrodes 
E15 and E16 (contacting electrodes) formed on the substrate 40 
and a portion of the displacing conductive layer 26 (mediating 

30 electrode) formed on the lower surface of the columnar 
projection P2 for an electrode are schematically shown. In this 
example, the outside electrode E15 that is positioned at the 
extreme outside is grounded, and outside electrode E16 inside 
E15 is connected to the power supply voltage Vcc via a resistor 

35 R. On the other hand, the displacing conductive layer 26 
comprises a single conductive layer formed in the region shown 
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with hatching applied in Fig. 7, however, wiring for other 
portions is not provided, so that the layer is in an electrical 
isolated condition. In the circuit diagram of Fig. 17, all the 
electrodes made of displacing conductive layer 26 which 
5 constitute the capacitance elements Cll through C14 (these 
capacitance elements are connected to the input stages at one 
side of the C/V converter circuit 50) are described as to be 
grounded. This is because, as shown in Fig. 14, detection of 
the capacitance values of the capacitance elements Cll through 

10 C14 is carried out on the assumption that a portion of the 
displacing conductive layer 26 formed on the lower surfaces of 
the columnar projections P2 for electrodes comes into contact 
with the outside electrodes E15 and E16 in a force detector, 
and at this point, the potential of the displacing conductive 

15 layer 26 is at a ground level via the outside electrode E15. 
In other words, before a portion of the displacing conductive 
layer 26 comes into contact with the outside electrodes E15 and 
E16, the displacing conductive layer 26 at one side of each 
capacitance element Cll through C14 electrically floats, so 

20 that the capacitance values cannot be detected by the detection 
circuit shown in the figure. 

If so, always operating the C/V converter circuit 50 
results in waste of power. The detection circuit shown in Fig. 
17 cannot perform the original function unless the displacing 

25 conductive layer 26 is connected to the ground level via the 
outside electrode E15, so that maintaining the operating 
condition of the C/V converter circuit 50 makes no sense. 
Therefore, to allow the C/V converter circuit 50 to operate in 
only necessary cases, a switching element is provided. In the 

30 case of this embodiment, the switching element is comprised of 
the outside electrodes E15 and E16 (a pair of contacting 
electrodes) and displacing conductive layer 26 (mediating 
electrode) . In a normal condition where an operator carries out 
no inputs into the operation panel 10 (the condition shown in 

35 Fig. 12), the displacing conductive layer 26 and the outside 
electrodes E15 and E16 are not in contact with each other. In 
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this non-contact condition, the potential of the outside 
electrode E16 becomes equal to the power supply voltage Vcc 
which is connected via a resistor R. However, if an operator 
inputs an operational input with a predetermined strength or 
5 more into the operation panel 10, for example, as shown in Fig. 
14, the displacing conductive layer 26 comes into contact with 
both outside electrodes E15 and E16 at the same time. In this 
contact condition, the potential of the outside electrode E16 
drops to the ground level since the electrode is electrically 

10 connected with the outside electrode E15. As a result, based 
on the potential of the outside electrode E16, it can be 
recognized which of either an insulated condition (the 
displacing conductive layer 26 is not contacted) or an electric 
connected condition (the displacing conductive layer 26 is 

15 contacted) is of the pair of contacting electrodes E15 and E16. 

For the detection circuit (C/V converter circuit 50 and 
signal processing circuit 60) shown in Fig. 17, two modes are 
prepared. The first mode is a detection mode in which a detecting 
function for detecting the capacitance values of the 

20 capacitance elements Cll through C14 as electric signals can 
be performed. The second mode is a standby mode in which a standby 
condition before transition into the detection mode can be 
maintained with less power consumption than in the detection 
mode although the detection function cannot be performed. These 

25 two modes are selected based on the electrical condition between 
the pair of contacting electrodes (outside electrodes E15 and 
E16) comprising a switching element. That is, when the 
electrical condition between the pair of contacting electrodes 
is an insulated condition, the standby mode is selected, and 

30 when it is an electrical connected condition, the detection mode 
is selected. Concretely, in the detection circuit shown in Fig. 
17, the C/V converter circuit 50 has a function to be performed 
in the two modes, and a control signal supplied to the control 
terminal T20 controls which mode to operate. This control signal 

35 is generated by the signal processing circuit 60. The potential 
of the outside electrode E16 is inputted to the terminal T5 of 
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the signal processing circuit 60, and the signal processing 
circuit 60 has a function for outputting a predetermined control 
signal from the terminal T6 based on this potential and 
supplying this signal to the control terminal T20 of the C/V 
5 converter circuit 50. That is, when the potential of the outside 
electrode E16 is the power supply voltage Vcc, the signal 
processing circuit 60 outputs a control signal for specifying 
the standby mode from the terminal T6, and when the potential 
of the outside electrode E16 is at the ground level, outputs 
10 a control signal for specifying the detection mode from the 
terminal T6. 

As a result, the C/V converter circuit 50 operates in the 
standby mode in which power consumption is less until the 
displacing conductive layer 26 comes into contact with both 

15 outside electrodes E15 and E16, and operates in the detection 
mode in only a condition where the displacing conductive layer 
26 is contacted by both outside electrodes E15 and E16. In other 
words, only when an operator intentionally applies an 
operational input with a predetermined strength or more in the 

20 X-axis or Y-axis direction, intentional voltage outputs Vll 
through V14 are outputted from the C/V converter circuit 50, 
and intentional digital outputs are obtained from the signal 
processing circuit 60. Thus, if the C/V converter circuit 50 
with great power consumption is selectively operated for only 

25 necessary periods, power consumption can be significantly 
reduced as a whole. Particularly, if a force detector of the 
invention is used for a portable electronic apparatus such as 
a portable telephone, a great effect for reducing the 
consumption of built-in batteries can be expected. 

30 Fig. 18 is a circuit diagram showing a modified example 

of the detection circuit of Fig. 17. In the example of Fig. 17, 
a signal from a switching element (that is, the potential of 
the outside electrode E16) is supplied to the terminal T5 of 
the signal processing circuit 60 and a control signal for 

35 switching the mode is generated within the signal processing 
circuit 60. However, in this modified example shown in Fig. 18, 
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a signal from a switching element is directly supplied to the 
control terminal of the C/V converter circuit 50, and the signal 
processing circuit 60 does not relate to the mode switching 
processing. In the system shown in Fig. 18, the processing 
5 burden on the signal processing circuit 60 is reduced, however, 
the signal processing circuit 60 cannot recognize which mode 
the C/V converter circuit 50 currently operates in. To the 
contrary, in the system shown in Fig. 17, the processing burden 
on the signal processing circuit 60 increases, however, the 

10 signal processing circuit 60 can recognize which mode the C/V 
converter circuit 50 currently operates in. In practical use, 
depending on an electronic apparatus to which this input device 
is applied, a preferable system may be selected. 

Fig. 19 is a circuit diagram showing an example of the 

15 internal construction of the C/V converter circuit 50. Herein, 
for description convenience, only a section relating to the C/V 
conversion of the capacitance element Cll is illustrated. As 
mentioned above, for this detection circuit to carry out 
intentional operations, it is assumed that the displacing 

20 conductive layer 26 which is an electrode at one side of the 
capacitance element Cll is grounded via the outside electrode 
E15. Therefore, as illustrated, the displacing conductive layer 
26 is grounded. The intermediate electrode Ell which is an 
electrode at the other side of the capacitance element Cll is 

25 connected to the terminal Til of the C/V converter circuit 50. 

Within the C/V converter circuit 50, switching circuit 
51, oscillation circuit 52, and rectifier circuit 53 are 
provided. The switching circuit 51 has a function for 
controlling ON/ OFF of the switching element S within the 

30 oscillation circuit 52 based on a control signal supplied to 
the control terminal T20. In actuality, these switching circuit 
51 and switching element S may be comprised of various logical 
elements. The oscillation circuit 52 is comprised of inverter 
elements 101, 102, and 103 connected in series at three stages, 

35 resistance elements R01, R02, and R03, capacitor C01 and 
switching element S. The switching element S has a function, 
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in response to signals supplied from the switching circuit 51, 
for opening arid closing the circuit, and if the switch of the 
switching element S is turned ON, this oscillation circuit 52 
starts oscillation, and an AC signal is supplied to the terminal 
5 Til via the resistor R01. The terminal Til is grounded via the 
capacitance element Cll, so that the amplitude of the AC signal 
to be supplied to the terminal Til changes in accordance with 
the capacitance value of the capacitance element Cll (that is, 
the interval between the electrode Ell and displacing 

10 conductive layer 26) . This oscillation of the oscillation 
circuit 52 stops when the switch of the switching element S is 
turned OFF. On the other hand, rectifier circuit 53 is comprised 
of resistance elements R04, R05, R06, and R07, capacitors C02 
and C03, and diode D01, and performs a function for smoothly 

15 rectifying the AC signal to be supplied to the terminal Til and 
outputting it as a DC voltage. That is, the greater the amplitude 
of the AC signal of the terminal Til, the higher the voltage 
Vll to be outputted to the terminal T21. 

As a result, when the control signal from the control 

20 terminal T20 is a signal indicating the standby mode, the 
switching element S within the oscillation circuit 52 is 
controlled and turned OFF by the switching circuit 51, and the 
oscillation circuit 52 stops the oscillation. Therefore, an AC 
signal is not supplied to the terminal Til, and the voltage 

25 outputted from the terminal T21 becomes 0V (ground level) . This 
is the operation of the C/V converter circuit 50 in the standby 
mode. On the other hand, when the control signal from the control 
terminal T20 is a signal indicating the detection mode, the 
switching element S within the oscillation circuit 52 is 

30 controlled and turned ON by the switching circuit 51, and then 
the oscillation circuit 52 starts the oscillation. Therefore, 
an AC signal is supplied to the terminal Til, and at the terminal 
T21, a DC voltage Vll in accordance with the capacitance value 
of the capacitance element Cll is outputted. This is the 

35 operation of the C/V converter circuit 50 in the detection mode. 

The C/V converter circuit 50 shown in Fig. 19 is an example 
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of a general C/V converter circuit, and for carrying out the 
invention, other various C/V converter circuits may be used to 
comprise the detection circuit. Furthermore, as a circuit for 
detecting the capacitance values of the capacitance elements, 
other than the C/V converter circuit, a C/f converter circuit 
(a circuit for converting the capacitance value C into a 
frequency f) may be used. This C/f converter circuit also 
includes an oscillation circuit consuming great power, and the 
standby mode can be realized by stopping the oscillation of this 
oscillation circuit. Of course, the detection circuit for 
detecting the capacitance values as electric signals may be 
comprised of circuits other than C/V converter circuits and C/f 
converter circuits . In short, concretely, any detection circuit 
may be used in the invention if the circuit is constructed so 
that, for a certain detection circuit which can. detect 
capacitance values as electric signals, a detection mode, in 
which a detecting function can be normally performed, and a 
standby mode, in which a standby condition (including a stop 
condition where power supply is completely insulated) before 
changing into the detection mode can be maintained with power 
consumption smaller than that of the detection mode although 
the detection function cannot be performed, are prepared, and 
based on the electrical condition between a pair of contacting 
electrodes (insulated condition or contacted condition), 
either one of the modes is selected. 

<« Section 4 >>> 

OTHER EMBODIMENTS OF AN INPUT DEVICE FOR AN ELECTRONIC APPARATUS 
RELATING TO THE INVENTION 

Thus, a basic embodiment in which a force detector 
relating to the invention is used as an input device for an 
electronic apparatus is mentioned above, however, several other 
embodiments are described herein. 

(1) Modified example of the contacting electrodes 

In the abovement ioned basic embodiment, a switching 
element is comprised of a pair of ring-shaped contacting 



electrodes (that is, the outside electrodes E15 and E16) and 
the displacing conductive layer 26 formed on the bottom surfaces 
of the columnar projections P2 for electrodes. However, the pair 
of contacting electrodes to be used for the switching element 
5 do not always need to be ring-shaped. For example, the pair of 
contacting electrodes E15A and E16A partially shown in Fig. 20 
are ring-shaped electrodes formed at almost the same positions 
as with the outside 'electrodes E15 and E16 shown in Fig. 10, 
however, they have teeth-shaped projections to be engaged with 

10 each other. (The hatching of Fig. 20 is not for showing a 
sectional view, but is for clearly showing the shapes of the 
electrodes.) The displacing conductive layer 26 serving as a 
mediating electrode needs to be contacted by both of the pair 
of contacting electrodes, however, the use of the pair of 

15 contacting electrodes E15A and E16A shown in Fig. 20 makes such 
simultaneous contact easier. 

The contacting electrode groups E15B and E16B partially 
shown in Fig. 21 (the hatching is not for showing a sectional 
view but is for clearly showing the shapes of the electrodes) 

20 include a plural number N of electrodes E15B belonging to the 
first group and a plural number N of electrodes E16B belonging 
to the second group which are alternately disposed along a 
circumference defined on the substrate 40 (disposed at almost 
the same positions as with the outside electrodes E15 and E16 

25 shown in Fig. 10). Thereby, the electrodes E15B belonging to 
the first group and the electrodes E16B belonging to the second 
group are disposed adjacent to each other, and the electrode 
E15B and electrode E16B disposed adjacent to each other comprise 
a pair of contacting electrodes . A total of N pairs of contacting 

30 electrodes are formed. Although only one pair of the contacting 
electrodes E15 and E16 are provided in the embodiment shown in 
Fig. 10, the example shown in Fig. 21 is a modified example in 
which plural pairs of contacting electrodes are provided. In 
this modified example, wiring must be laid for the N number of 

35 electrodes E15B and the N number of electrodes E16B, so that 
wiring becomes complex in practical use. 
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(2) Example of application to input device for electronic 
apparatus with only one-dimensional operation amount input 

In the abovementioned basic embodiment, a force detector 
having a function for detecting both clicking input (pressing 
5 force Fz-) and two dimensional operation amount input 
(operating forces Fx+, Fx-, Fy+, Fy-) is used with respect to 
the operation panel 10. However, the invention can also be 
applied to a force detector having only a one-dimensional 
operation input function. For example, if the substrate 40 as 

10 a component shown in Fig. 1 is replaced with a substrate 40A 
whose top view is shown in Fig. 22, and assembly is performed 
while the domed structure 30 is excluded, an input device for 
an electronic apparatus having only a one-dimensional (Z-axis 
direction) operation amount input function can be realized. In 

15 this case, the semicircular electrodes E21 and E22 shown in Fig. 
22 are a pair of contacting electrodes whose conductive surfaces 
are exposed, and the washer-shaped electrode E23 is a detecting 
fixed electrode whose surface is covered by an insulating film 
(the hatching in Fig. 22 is not for showing a sectional view, 

20 but is for clearly showing the shapes of the electrodes) . The 
capacitance element is comprised of the washer-shaped electrode 
E23 (detecting fixed electrode) and a portion of the displacing 
conductive layer 26 (detecting displacing electrode) opposed 
to the electrode. 

25 When an operator carries out an operation to press-in the 

operation panel 10 downward by a force with some degree of 
strength (when a pressing force Fz- with a predetermined 
strength or more is applied) , the central portion of the 
displacing conductive layer 26 serving as a mediating electrode 

30 comes into contact with both of the pair of contacting 
electrodes E21 and E22, and as long as the operator presses the 
panel with a stronger force, an intentional output of the 
capacitance value of the capacitance element can be obtained. 
In the above-mentioned basic embodiment, a pressing force Fz- 

35 in the Z-axis direction applied to the operation panel 10 is 
detected as only an ON /OFF switching input, however, in the 
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embodiment shown herein, the pressing force Fz- in the Z-axis 
direction can be detected as an operation amount, so that a 
detected value in accordance with the strength of the force can 
be obtained. That is, detection of the pressing force Fz- 
5 becomes possible by using a phenomenon in which the greater the 
pressing force Fz- in the Z-axis direction, the closer the 
displacing conductive layer 26 to the electrode E23 and the 
higher the capacitance values. 

Of course, the detection circuit operates in the standby 

10 mode until the strength of the pressing force Fz- becomes the 
predetermined strength, so that an output of detected values 
is not made, and accordingly, power is prevented from being 
wastefully consumed. Concretely, for example, if the electrode 
E21 is grounded, the electrode E22 is connected to the power 

15 supply voltage Vcc via a resistor, and wiring is not provided 
for the displacing conductive layer 26 so that the layer becomes 
an isolated floating electrode, in completely the same manner 
as with the switching element comprised of the electrodes E15 
and E16 and displacing conductive layer 26 shown in Fig. 17, 

20 a switching element can be comprised of the electrodes E21 and 
E22 and displacing conductive layer 26. Therefore, a control 
is made so that, when the potential of the electrode E22 is equal 
to the power supply voltage Vcc, the detection circuit is 
changed into the standby mode, and when the potential of the 

25 electrode E22 drops to the ground level, the detection circuit 
is changed into the detection mode. 

(3) Example of application to input device for electronic 
apparatus for inputting three-dimensional operation amounts 
and clicking input 

30 If the substrate 40 in the components shown in Fig. 1 is 

replaced with a substrate 40B whose top view is shown in Fig. 
23, an input device for an electronic apparatus for inputting 
three-dimensional operation amounts and clicking input can be 
realized (the hatching in Fig. 23 is not for showing a sectional 

35 view, but is for clearly showing the shapes of electrodes) . The 
substrate 40B shown in Fig. 23 is obtained by adding 
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washer-shaped electrode E19 to the substrate 40 shown in Fig. 
10. To add the electrode E19, the fan-shaped electrodes Ell 
through E14 are replaced with electrodes E11B through E14B whose 
widths are slightly narrower, however, the function does not 
5 change. The added electrode E19 is a detecting fixed electrode 
whose surface is covered by an insulating film. 

As a result, in this embodiment, a total of five detecting 
fixed electrodes E11B, E12B, E13B, E14B, and E19 are formed, 
and a portion of displacing conductive layer 26 opposed to these 

10 electrodes is used as a detecting displacing electrode, and 
therefore, a total of five capacitance elements Cll, C12, C13, 
C14, and C19 are formed. Herein, the point in that the 
capacitance elements Cll and C12 are used for detecting 
operational inputs in the X-axis direction and the capacitance 

15 elements C13 and C14 are used for detecting operational inputs 
in the Y-axis direction is the same as in the above-mentioned 
basic embodiment. In the embodiment shown herein, detection of 
operational inputs in the Z-axis direction also becomes 
possible by the capacitance element C19. That is, detection of 

20 a pressing force Fz- becomes possible by using a phenomenon in 
that, as a pressing force Fz- in the Z-axis direction increases 
in strength, the displacing conductive layer 26 comes closer 
to the electrode E19, and the capacitance value increases. 

When detecting an operation amount in the Z-axis direction, 

25 the switching element comprised of the outside electrodes E15 
and E16 cannot be used. This is because, when a pressing force 
Fz- with a predetermined strength or more is applied, as in the 
example shown in Fig. 13, the domed structure 30 is inverted 
and the electrodes E17 and E18 are electrically connected, 

30 however, the displacing conductive layer 26 formed on the bottom 
surfaces of the columnar projections P2 for electrodes does not 
come into contact with the outside electrodes E15 and E16. In 
this condition, the switching element comprised of the outside 
electrodes E15 and E16 still indicates the standby mode. 

35 Therefore, in the embodiment shown herein, the electrodes 

E17 and E18 and the domed structure 30 are used as a second 
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switching element. The domed structure 30 is entirely formed 
of a conductive material (metal), and the electrodes E17 and 
E18 are originally for detecting clicking input (ON/OFF 
switching input) in accordance with inversion of the domed 
5 structure 30. Therefore, the electrodes E17 and E18 are 
maintained in an insulated condition until a pressing force Fz- 
with a predetermined strength or more is applied, and the 
electrodes have a property to change into an electrical 
conductive condition in accordance with inversion of the domed 

10 structure 30 when a pressing force Fz- with a predetermined 
strength or more is applied. Therefore, by using this property, 
when the electrodes E17 and E18 are electrically conducted, a 
control may be made to change the detection circuit into the 
detection mode. That is, as a total operation of this device, 

15 when either the electrical conductive condition between the 
electrodes E15 and E16 or the electrical conductive condition 
between the electrodes E17 and E18 is obtained, the detection 
circuit is changed to be in the detection mode, and when neither 
of them is obtained, the circuit may be changed to be in the 

20 standby mode. The electrical conductive condition between the 
electrodes E15 and E16 is obtained when an intentional 
operational input in the X-axis or Y-axis direction is applied 
to the operation panel 10, and the electrical conductive 
condition between the electrodes E17 and E18 is obtained when 

25 an intentional operational input in the Z-axis direction is 
applied to the operation panel 10. Therefore, in both cases, 
processing for detecting the capacitance values of the 
capacitance elements is executed by changing the detection 
circuit to be in the detection mode. In addition, in practical 

30 use, it is preferable that the electrode E17 or E18 is connected 
to the ground level so that the capacitance value between the 
grounded electrode and electrode E19 can be detected by the 
detection circuit. 

The switching element in the abovement ioned embodiments 

35 is comprised of a pair of contacting electrodes and a mediating 
electrode which can simultaneously come into contact with both 
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of the pair of contacting electrodes. In the basic embodiment 
described in Section 1, a portion of the displacing conductive 
layer 26 formed on the lower surface of the elastic deformable 
body 20 is used as the mediating electrode, however, it is not 
5 always necessary that the mediating electrode is provided on 
the elastic deformable body 20. In the embodiment shown herein, 
the domed structure 30 disposed between the elastic deformable 
body 20 and substrate 40 is used as a mediating electrode. In 
a case where the displacing conductive layer 26 is used as a 

10 mediating electrode, this mediating electrode comes into 
contact with neither of the pair of contacting electrodes in 
a normal condition (when no intentional operational inputs are 
applied) , and when an external force with a predetermined 
strength or more is applied (an intentional operational input 

15 is applied) , simultaneously comes into contact with the pair 
of contacting electrodes. As in the embodiment shown herein, 
in a case where the domed structure 30 disposed on the electrode 
E18 is used as a mediating electrode, this mediating electrode 
is normally contacted with only one (electrode E18) of the 

20 contacting electrodes, and. when an external force with a 
predetermined strength or more is applied, the electrode, 
simultaneously comes into contact with both of the pair of 
contacting electrodes (electrodes E17 and E18). 
(4) Example of application to input device for electronic 

25 apparatus with inputs for three-dimensional operation amounts 
If the substrate 40 in the components shown in Fig. 1 is 
replaced with a substrate 40C whose top view is shown in Fig. 
24 and the domed structure 30 is eliminated, an input device 
for an electronic apparatus with an input for three-dimensional 

30 operation amounts can be realized (the hatching in Fig. 24 is 1 
not for showing a sectional view, but is for clearly showing 
the shapes of the electrodes). This embodiment is equivalent 
to a condition where the clicking input function is eliminated 
from the embodiment using the substrate 40B shown in Fig. 23. 

35 In this embodiment, a total of five detecting fixed 

electrodes Ell, E12, E13, E14, and E25 (insulating films are 
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formed on all surfaces) are formed, and a portion of displacing 
conductive layer 26 opposed to these electrodes are used as a 
detecting displacing electrode. As a result, a total of five 
capacitance elements Cll, C12, C13, C14, and C25 are formed. 
5 Herein, the point in that the capacitance elements Cll and C12 
are used for detecting operational inputs in the X-axis 
direction and the capacitance elements C13 and C14 are used for 
detecting operational inputs in the Y-axis direction is the same 
as in the above-mentioned basic embodiment. The point in that 

10 the detection of operational inputs in the Z-axis direction 
becomes possible by the capacitance element C25 is the same as 
in the embodiment using the substrate 40B shown in Fig. 23. 
However, in the present embodiment, the domed structure 30 is 
not used, and a function for detecting clicking input is not 

15 provided. The semicircular electrodes E26 and E27 provided at 
the center of the substrate 40C are a pair of contacting 
electrodes, and a portion of the displacing conductive layer 
26 opposed to the electrodes functions as a mediating electrode. 

Also in this embodiment, when either the electrical 

20 conductive condition between the electrodes E15 and E16 or the 
electrical conductive condition between the electrodes E26 and 
E27 is obtained, the detection circuit may be changed to be in 
the detection mode, and when neither of the conditions are 
obtained, the detection circuit may be changed to be in the 

25 standby mode. When the electrodes E15 and E16 reach an 
electrical conductive condition, an intentional operational 
input in the X-axis or Y-axis direction is applied to the 
operation panel 10, and when the electrodes E26 and E27 are 
electrically connected, an intentional operational input in the 

30 Z-axis direction is applied to the operation panel 10 . Therefore, 
in both cases, the detection circuit is changed to be in the 
detection mode and processing for detecting the capacitance 
values of the capacitance elements is carried out. In practical 
use, it is preferable that the electrodes E26 or E27 is connected 

35 to the ground level and the capacitance value between the 
grounded electrode and the electrode E25 can be detected. 
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(5) Example of application to input device for electronic 
apparatus using a plurality of domed structures 

Herein, an input device for an electronic apparatus 
relating to still another embodiment of the invention is 
5 explained. Fig. 25 is an exploded side sectional view showing 
components by breaking down this input device for an electronic 
apparatus. As illustrated, this input device for an electronic 
apparatus is comprised of operation panel 10, elastic 
deformable body 20D, domed structure 30, and substrate 40D. In 

10 actuality, the input device is constructed so that five domed 
structures 30 are disposed on the substrate 40D (disposition 
locations are described later) , and the elastic deformable body 
20D is covered thereon, and the operation panel 10 is further 
attached on the material. This input device can also carry out 

15 switching inputs indicating ON/OFF conditions and operational 
inputs indicating operation amounts in predetermined 
directions . 

In comparison with the basic embodiment shown in Fig. 1, 
the operation panel 10 and domed structure 30 are completely 

20 the same (however, the number of provided domed structures 30 
is five) . The elastic deformable body 20D shown in Fig. 25 is 
slightly different in shape from the elastic deformable body 
20 shown in Fig. 1, however, the function is almost the same. 
The upper surface of the elastic deformable body 20D is 

25 completely the same as that of the elastic deformable body 20 
shown in Fig. 1 as shown in the top view of Fig. 4. On the other 
hand, Fig. 26 is a bottom view of this elastic deformable body 
20D. As illustrated, this elastic deformable body 20D is almost 
square in a plan view. Basic components thereof are, as shown 

30 in the side sectional view of Fig. 25, inner film portion 21, 
ring-shaped protruding portion 22, outer film portion 23, side 
wall portion 24 , fixed leg portions 25, and columnar pro j ections 
P4 and P5 . As shown in the bottom view of Fig. 26, at the four 
corners of the lower surface of the elastic deformable body 20D, 

35 columnar fixed leg portions 25 extend downward. The four fixed 
leg portions 25 are inserted into fixing holes 41 (see Fig. 25) 
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formed at four positions of the upper surface of the substrate 
40D, whereby the elastic deformable body 20D is fixed to a 
predetermined position on the substrate 40D. 

As shown in Fig. 26, on the lower surfaces of the film 
5 portions 21 and 23, columnar projections P4 and P5 extending 
downward are formed. The central columnar projection P4 formed 
at the center is for pressing the vicinity of the apex of the 
domed structure 30 disposed at the center of the substrate 40D, 
and the peripheral columnar projections P5 formed at the four 

10 peripheral positions are for pressing the vicinities of the 
apexes of the four domed structures 30 disposed around the 
substrate 40. The side surface shapes of the columnar 
projections P4 and P5 are clearly shown in the side sectional 
view of Fig. 25. As shown in the side sectional view of Fig. 

15 25, the peripheral columnar projections P5 are formed 
immediately under the ring-shaped protruding portion 22. 

Displacing conductive layer 26 is also formed from a 
conductive coating which serves as a detecting displacing 
electrode on the lower surface of the elastic deformable body 

20 20D. Fig. 27 is a bottom view of the elastic deformable body 
20D for showing the region at which the displacing conductive 
layer 26 is formed. In the figure, the displacing conductive 
layer 26 is formed in the area with hatching applied (the 
hatching in Fig. 27 is not for showing a sectional view). As 

25 mentioned above, although the columnar projections P4 and P5 
are formed on the lower surface of the elastic deformable body 
20D, the displacing conductive layer 26 is not formed on the 
bottom surface and side surface of the central columnar 
projection P4, and the displacing conductive layer 26 is formed 

30 on the bottom surfaces and side surfaces of the peripheral 
columnar projections P5 provided at the four positions. 

Next, the construction of the substrate 40D is explained 
with reference to the top view of Fig. 28 (the hatching in Fig. 
28 is not for showing a sectional view, but is for clearly showing 

35 the shapes of electrodes) . The fixing holes 41 provided at the 
four corners are made in the upper surface of the substrate 40D 
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for insertion of the fixed leg portions 25 of the elastic 
deformable body 20D. On the upper surface of the substrate 40D, 
as illustrated, four detecting fixed electrodes E31 through E3 4 , 
whose upper surfaces are covered by insulating films, and five 
5 pairs of contacting electrodes E40 through E49, whose 
conductive surfaces are exposed, are formed. The pair of 
contacting electrodes E40 and E49 disposed at the center are 
to be used for detecting clicking input. On the other hand, the 
four pairs of contacting electrodes E41 through E48 disposed 

10 outside the detecting fixed electrodes E31 through E34 function 
as switching elements. 

Five domed structures 30 are disposed and turned down on 
the electrodes E45 through E49 on the upper surface of the 
substrate 40D. Fig. 29 is a top view showing a condition where 

15 five domed structures 30 are disposed at predetermined 
positions on the upper surface of the substrate 40D shown in 
Fig. 28. In actuality, the domed structures 30 are fixed on the 
upper surface of the substrate 40D by using an adhesive agent 
or adhesive tape. As illustrated, one of a total of the five 

20 domed structures 30 is disposed at the center of the substrate 
40D, and the remaining four structures are disposed at the 
peripheral portion of the substrate 40D. Herein, for 
description convenience, the structure disposed at the center 
of the substrate 40D is referred to as a central domed structure 

25 30-0, the structure disposed in the X-axis positive region of 
the peripheral portion is referred to as a peripheral domed 
structure 30-1, the structure disposed in the X-axis negative 
region of the peripheral portion is referred to as a peripheral 
domed structure 30-2, the structure disposed in the Y-axis 

30 positive region of the peripheral portion is referred to as a 
peripheral domed structure 30-3, and the structure disposed in 
the Y-axis negative region of the peripheral portion is referred 
to as a peripheral domed structure 30-4 as illustrated. The 
central domed structure 30-0 is disposed on the electrode E49 

35 so that the Z-axis becomes its center axis. On the other hand, 
the four peripheral domed structures 30-1 through 30-4 are 
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disposed on the electrodes E45 through E48, respectively. 

Fig. 30 is a side sectional view of the input device for 
an electronic apparatus thus assembled along the XZ plane. The 
point in that four capacitance elements are formed of the four 
5 detecting fixed electrodes E31 through E34 and a portion 
(detecting displacing electrode) of the displacing conductive 
layer 26 opposed to these electrodes to detect operational 
inputs in the X-axis and Y-axis directions is the same as in 
the above-mentioned basic embodiment. However, in the 

10 embodiment shown herein, four peripheral domed structures 30-1 
through 30-4 and paired contacting electrodes formed thereunder 
comprise a total of four switching elements. For example, one 
switching element is comprised by the peripheral domed 
structure 30-1 and a pair of contacting electrodes E41 and E45. 

15 The pair of contacting electrodes E41 and E45 comprising this 
switching element are normally in an insulated condition, 
however, when an operational input Fx+ with a predetermined 
strength or more in the X-axis positive direction is applied 
to the operation panel 10, the pair of contacting electrodes 

20 change into an electrical conductive condition due to inversion 
of the peripheral domed structure 30-1 serving as a mediating 
electrode . 

As a result, in the embodiment, when an operation input 
with a predetermined strength or more in the X-axis positive 

25 or negative direction or Y-axis positive or negative direction 
is applied, any of the four peripheral domed structures 30- 
1 through 30-4 is inverted, the lower surface in the vicinity 
of the apex of the structure comes into contact with the 
contacting electrodes E41 through E44, and therefore, any of 

30 the four pairs of the contacting electrodes change into an 
electrical conductive condition. Therefore, as a detection 
circuit, when any of the paired contacting electrodes of the 
four switching elements change into an electrical conductive 
condition, operation in the detection mode is carried out, and 

35 when all the paired electrodes are in an insulated condition, 
operation in the standby mode is carried out. 
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In this embodiment, the central domed structure 30-0 is 
used for only detecting clicking input, and does not serve as 
a switching element. Therefore, even when the central domed 
structure 30-0 is inverted and the electrodes E40 and E49 change 
5 into an electrical conductive condition, a clicking input is 
only detected, and the detection circuit maintains the standby 
mode . 

(6) Construction of the domed structure 

In the several above-mentioned embodiments, the domed 

10 structures 30 are used. In these embodiments, metal domes are 
used as the domed structures 30. Metal domes are convenient 
since all surfaces thereof serve as conductive contacting 
surfaces 31. Of course, it is not always necessary that the domed 
structures 30 are made of metal. For example, it is also 

15 allowable that the domed structures are made of resins and the 
like, and conductive material films are adhered to necessary 
portions of the surfaces of the structures to form conductive 
contacting surfaces . 

A first reason for forming the conductive contacting 

20 surface on the surface of the domed structure 30 is in order 
to cause the surface to function as a mediating electrode to 
electrically connect a pair of contacting electrodes. For 
example, all the five domed structures 30-0 through 30-4 shown 
in Fig. 29 function as a mediating electrode to connect a pair 

25 of contacting electrodes positioned below (a washer-shaped 
electrode and a circular electrode inside the washer-shaped 
electrode) , whereby, when inversion is caused by action of an 
external force, the pair of contacting electrodes can be made 
to be electrically connected. In order to perform such a 

30 function as mediating electrodes, it is necessary that 
conductive contacting surfaces 31 are formed from at least the 
lower surfaces in the vicinities of the apexes of the domed 
structures 30 (portion to be contacted with the circular 
contacting electrode) to the bottom circumferential surfaces 

35 (portion to be contacted with the washer-shaped contacting 
electrode) . If domed structures 30 with such construction are 
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used as mediating electrodes, the mediating electrodes normally 
maintain a contacted condition with only one of the contacting 
electrodes, and when an external force with a predetermined 
strength or more is applied, due to inversion of the domed 
5 structures 30, the structures are contacted with both of the 
pair of contacting electrodes, simultaneously. 

Needless to say, when the pair of contacting electrodes 
are similar to the contacting electrodes E26 and E27 shown in 
Fig. 24, formation of a conductive contacting surface 31 on the 

10 lower surface (portion to be contacted with the contacting 
electrodes E26 and E27) in the vicinity of the apex of the domed 
structure 30 is sufficient. If such a domed structure 30 is used 
as a mediating electrode, this mediating electrode normally 
maintains a condition where the electrode is contacted with 

15 neither of the pair of contacting electrodes, and when an 
external force with a predetermined strength or more is applied, 
due to inversion of the domed structure 30, comes into contact 
with both of the pair of contacting electrodes, simultaneously. 

The second reason for forming the conductive contacting 

20 surface on the surfaces of the domed structure 30 is to perform 
a wiring function for the capacitance elements by making the 
displacing conductive layer 26 formed on the elastic deformable 
body (a portion of which functions as a detecting displacing 
electrode) and the contacting electrodes formed on the 

25 substrate to be electrically connected. The elastic deformable 
body 20 is a component which elastically deforms, so that it 
is not preferable that wiring is laid on the elastic deformable 
body 20. Therefore, it is not preferable that external wiring 
is connected to the displacing conductive layer formed at the 

30 elastic deformable body side. Accordingly, in the above- 
mentioned embodiments, no wiring is laid at the displacing 
conductive layer 26 and the layer is electrically floated. 
However, the displacing conductive layer 26 is an element 
comprising electrodes at one side of each capacitance element, 

35 so that when detecting the capacitance values, the detection 
system requires some wiring. The domed structure 30 can be 
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caused to perform this wiring role. For example, in-the device 
shown in Fig. 30, when an operational input Fx+ with a 
predetermined strength or more in the X-axis positive direction 
is applied to the operation panel 10, due to inversion of the 
5 peripheral domed structure 30-1 serving as a mediating 
electrode, the pair of contacting electrodes E41 and E45 become 
electrically connected. At this time, if the domed structure 
30-1 is made of metal, the displacing conductive layer 26 formed 
on the bottom surface of the peripheral columnar projection P5 

10 becomes electrically connected to the pair of contacting 
electrodes E41 and E45 via the domed structure 30, so that wiring 
for the displacing conductive layer 26 is secured. In actuality, 
for example, if the contacting electrode E45 is connected to 
a ground level, the displacing conductive layer 26 can be fixed 

15 to the ground level, so that the capacitance values between the 
ground level and detecting fixed electrodes may be detected. 

In order for the domed structure 30 to perform such a 
wiring function, it is simplest that the entire domed structure 
is formed of metal. However, when the domed structure is made 

20 of a resin or the like, it is necessary that a portion of the 
surface is formed of a conductive material such as a conductive 
film, so that at least the upper and lower surfaces in the 
vicinity of the apex of the structure are in an electrical 
conductive condition . 

25 (7) Modified example of a pair of contacting electrodes 

In the aforementioned embodiments, both of a pair of 
contacting electrodes included in a switching element are 
formed on the substrate, and a mediating electrode is brought 
into contact with both of the pair of contacting electrodes, 

30 simultaneously, whereby the pair of contacting electrodes are 
made to be in an electrical connected condition. However, to 
carry out this invention, it is not always necessary that the 
pair of contacting electrodes are provided at the substrate side 
and a mediating electrode is used. For example, it is also 

35 allowable that a pair of contacting electrodes are comprised 
of a contacting fixed electrode formed on the substrate and a 
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contacting displacing electrode formed at the elastic 
deformable body side, and when an external force with a 
predetermined strength or more is applied to the elastic 
deformable body, due to deformation of this elastic deformable 
5 body, the contacting fixed electrode formed on the substrate 
and the contacting displacing electrode formed on the elastic 
deformable body are physically contacted with each other. 

However, to electrically detect whether or not the 
contacting fixed electrode formed on the substrate and the 

10 contacting displacing electrode formed on the elastic 
deformable body are physically contacted with each other, 
wiring is necessary for the respective electrodes. For 
practical use, it is not preferable that wiring is laid at the 
elastic deformable body side. Therefore, in practical use, as 

15 in the above-mentioned embodiments, it is preferable that a pair 
of contacting electrodes are provided on the substrate and the 
electrodes are made electrically connected to each other by 
using the mediating electrode. If such a method is employed, 
wiring is unnecessary at the mediating electrode side, so that 

20 if wiring is laid at only the substrate side, it becomes 
unnecessary to lay wiring at the elastic deformable body side. 
(8) Modified example of the detection circuit 

In the abovementioned embodiments, a C/V converter 
circuit or C/f converter circuit is used as a detection circuit, 

25 however, the detection circuit to be used to carry out the 
invention is not limited to a circuit using these circuits, and 
any type circuit may be used only if the detection circuit has 
a function for detecting a capacitance value of a capacitance 
element, which is comprised of a detecting fixed electrode 

30 formed on the substrate and a detecting displacing electrode 
formed on the elastic deformable body, as an electric signal. 
Although the detection mode and the standby mode are prepared 
for the C/V converter circuit 50 in the above-mentioned 
embodiments, the portion to operate in the two modes may be any 

35 portion of the detection circuit. The point is that the 
detection circuit can perform, as a whole, operation in the two 

66 



modes, that is, in the detection mode in which a detection 
function for detecting a capacitance value of a capacitance 
element as an electric signal, and in the standby mode in which 
a standby condition before transition to the detection mode can 
5 be maintained with power consumption less than in the detection 
mode although the detection function cannot be performed. 
Herein, in the standby mode, it is not always necessary that 
some operation is being carried out, and if a change into the 
detection mode is possible based on changes in the condition 

10 of the switching element, the completely stopped condition of 
the circuit does not pose a problem. For example, a method may 
be employed in which a condition where power supply to the 
detection circuit is completely stopped is defined as a standby 
mode, and when the status of the switching element is changed, 

15 power supply is started and changeover into the detection mode 
is carried out. The switching element in the invention may 
employ any construction only if the switching element can change 
the electrical conductive condition between the pair of 
contacting electrodes to carry out switchover from the standby 

20 mode to the detection mode or switchover from the detection mode 
to the standby mode. 

Fig. 31 is a circuit diagram showing still another 
modified example of the detection circuit shown in Fig. 17. As 
with the circuit shown in Fig. 17, the basic components of the 

25 circuit of this modified example are C/V converter circuit 50 
and signal processing circuit 60, and basic operations of these 
are the same as with the circuit of Fig. 17. However, although 
a control signal from the terminal T6 of the signal processing 
circuit 60 is supplied to the control terminal T20 of the C/V 

30 converter circuit 50 to switch the mode of the C/V converter 
circuit 50 in the circuit shown in Fig. 17, in the circuit shown 
in Fig. 31, a method is employed in which power supply to the 
C/V converter circuit 50 is directly controlled based on the 
electrical contact condition of the pair of contacting 

35 electrodes comprising a switching element, that is, outside 
electrodes E15 and E16. Concretely, as illustrated, the power 
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supply voltage Vcc is connected to the outside electrode E16, 
and the outside electrode E15 is connected to the power supply 
terminal Tv of the C/V converter circuit 50. By such a 
construction, the power supply voltage Vcc is not supplied to 
5 the outside electrode E15 until the displacing conductive layer 
26 comes into contact with both outside electrodes E15 and E16 f 
so that the power supply voltage Vcc is not supplied to the C/V 
converter circuit 50, either. That is, in this condition 
(standby condition) , no power is supplied to the C/V converter 

10 circuit 50 at all, and intentional voltage outputs Vll through 
V14 which should be originally outputted are not outputted. 
Therefore, as a matter of course, since the" C/V converter 
circuit 50 does not consume power, power consumption of the 
entire detection system can be significantly saved. However, 

15 when the displacing conductive layer 26 comes into contact with 
both of the outside electrodes E15 and E16, the power supply 
voltage Vcc is supplied to the power supply terminal Tv of the 
C/V converter circuit 50 via the outside electrode E15, and then, 
the C/V converter circuit 50 starts its original operation 

20 (detection mode) . 

(9) Modified example using variable resistance elements 

In all the above-mentioned embodiments, applied forces 
are detected based on changes in the capacitance values of the 
capacitance elements, however, the invention can be carried out 

25 even when variable resistance elements are used in place of the 
capacitance elements. Herein, a modified example of the 
invention using variable resistance elements is explained. 

First, the detailed structure of a variable resistance 
element used in this modified example is explained. Fig. 32 is 

30 a side sectional view showing the construction of a variable 
resistance element RR . The variable resistance element RR shown 
herein has a structure in which a first sheet 70 and a second, 
sheet 80 are laminated so as to be vertically symmetric. The 
first sheet 70 is comprised of, as illustrated, a first film 

35 71, a first conductive layer 72 formed thereon, and a first 
resistor 73 further formed thereon. The second sheet 80 is 
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comprised of, as illustrated, a second film 81, a second 
conductive layer 82 formed thereon, and a second resistor 83 
further formed thereon. For description convenience, the 
qualifiers "first" and "second" attached herein to the 
components are for distinguishing the two sheets, and the actual 
structures of the first sheet 70 and the second sheet 80 are 
completely the same. Therefore, if one of the two similar sheets 
is turned upside down and then overlapped onto the other one, 
a variable resistance element RR is obtained. In practical use, 
it is preferable that both sheets are adhered by some method 
so as not to move. 

Both of the first resistor 73 and second resistor 83 are 
formed with a material which elastically deforms, and opposed 
to each other. The upper surface of the first resistor 73 and 
the lower surface of the second resistor 83 are uneven so as 
to have waved sections, and in response to a pressure applied 
vertically in the figure, the area of the contact surface 
between the first resistor 73 and second resistor 83 changes. 
That is, in a condition where a vertical pressure is not applied 
to this variable resistance element RR, as shown in Fig. 32, 
the apex points of the waved uneven structures of the resistors 
73 and 83 are contacted with each other, and the area of the 
contacting surface between them is very small. However, for 
example, when an external downward force Fz- is applied to the 
variable resistance element RR as shown in Fig. 33, the portions 
with the waved uneven structures of the resistors 73 and 83 
deform due to pressure as illustrated, and the contacting area 
between them increases. 

Since the first conductive layer 72 is connected to the 
lower surface of the first resistor 73, and the second 
conductive layer 82 is connected to the upper surface of the 
second resistor 83, when the resistance value between the 
terminal T31 connected to the first conductive layer 72 and the 
terminal T32 connected to the second conductive layer 82 is 
measured, the resistance value changes depending on the 
contacting area between them. Therefore, based on this 
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resistance value, the external vertical force applied to the 
variable resistance element RR can be detected. That is, the 
two sheets 70 and 80 function as a variable resistance element 
RR with a property of changing in resistance between two 
5 predetermined points in accordance with applied pressures. 

In practical use, for example, the following method may 
be employed to manufacture the first sheet 70. First, a first 
film 71 formed of an FPC (flexible print circuit) film is 
prepared, and a layer of copper or the like is formed on the 

10 upper surface to form a first conductive layer 72 . Subsequently, 
pressure sensitive conductive ink is applied on the upper 
surface of the first conductive layer 72, and the surface of 
this pressure sensitive conductive ink is processed to have an 
uneven structure with a waved section, whereby a first resistor 

15 73 made of the pressure sensitive conductive ink may be 
manufactured. Of course, the second sheet 80 can be manufactured 
by the same method. In the illustrated example, uneven 
structures with waved sections are formed at the upper surface 
of the first resistor 73 and the lower surface of the second 

20 resistor 83, however, such an uneven structure is not always 
necessary for both the resistors, and if at least one of them 
has a surface with this structure, a variable resistance element 
can be constructed. The point is that at least a surface of either 
one of the first resistor 73 and the second resistor 83, opposed 

25 to the other resistor, may have an uneven structure to 
elastically deform so that the area of the contact surface 
between the resistors changes in accordance with pressures 
applied to them. 

The variable resistance element RR shown in Fig. 32 may 

30 be used in place of, for example, the capacitance element in 
the force detector of Fig. 1. In this case, the four electrodes 
Ell through E14 formed on the substrate 40 shown in Fig. 10 may 
be replaced with the above-mentioned variable resistance 
elements RR to form the substrate 40E shown in the top view of 

35 Fig. 34. Concretely, four variable resistance elements RR11 
through RR14 plane forms of which are fan-shaped as the 

7 0 



electrodes Ell through E14 of Fig. 10 and which have the side 
sectional structures as shown in Fig. 32 are prepared, and 
adhered to predetermined positions on the substrate 40E (the 
lower surface of the first film 71 may be adhered to the upper 
5 surface of the substrate 40E), whereby the four variable 
resistance elements RR11 through RR14 perform a function 
equivalent to that of the four capacitance elements Cll through 
C14. However, an applied external force is to be detected in 
relation to the variable resistance elements RR11 through RR14 

10 based on the resistance value between the terminals T31 and T32 
shown in Fig. 32. In short, detection using changes in 
resistance of the variable resistance elements in place of 
changes in capacitance value of the capacitance elements 
becomes possible. 

15 The variable resistance elements RR11 through RR14 can 

be manufactured to be very thin sheet members, so that the side 
sectional structure of the force detector using the four 
variable resistance elements RR11 through RR14 in place of the 
four electrodes Ell through E14 becomes almost equal to that 

20 of the force detector shown in Fig. 12. However, in the case 
of the force detector of Fig. 12, although the capacitance 
elements are composed of combinations of the four electrodes 
Ell through E14 and conductive layer (displacing conductive 
layer 26 shown in Fig . 7) opposed to the electrodes , the variable 

25 resistance elements RR shown in Fig. 32 function as variable 
resistance elements by themselves, and therefore, in the device 
of the modified example described herein, the columnar 
projections PI may only perform the function as projections for 
applying pressure, and it is not necessary that the displacing 

30 conductive layer 26 is provided on the lower surfaces of the 
columnar projections PI. 

When the columnar projections PI shown in Fig. 5 are caused 
to function as projections for applying pressure, pressure 
concentrates in the vicinity of the center of the upper surface 

35 of the variable resistance element RR shown in Fig. 32, so that 
occurrence of deformation inclines toward the vicinities of the 
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centers of the resistors 73 and 83, and therefore, an efficient 
detection sensitivity cannot be obtained. Therefore, as shown 
in Fig. 33, in order to cause deformation of the resistors 73 
and 83 to evenly occur on the entire surfaces and improve the 
5 detection sensitivity, in place of the elastic deformable body 
20 shown in Fig. 5, the elastic deformable body 20E, a bottom 
view of which is shown in Fig. 35, may be used. This elastic 
deformable body 20E shown in Fig. 35 is formed so that the eight 
columnar projections PI of the elastic deformable body 20 shown 

10 in Fig. 5 are replaced by four plate projections P6. The plane 
forms of the plate projections P6 are fan-shaped similar to the 
shapes of the four variable resistance elements RR11 through 
RR14 formed on the substrate 40E, and are disposed above these 
resistance elements. In addition, it is not necessary to form 

15 a conductive layer on the lower surface of each plate projection 
P6. Fig. 36 is a side sectional view showing a modified example 
in which a substrate 40E including four variable resistance 
elements RR11 through RR14 in place of the four electrodes Ell 
through E14 is used in the force detector shown in Fig. 12, and 

20 the elastic deformable body 20 is replaced with the elastic 
deformable body 20E shown in Fig. 35. All the variable 
resistance elements RR11 through RR14 have the same sectional 
structure as that of the variable resistance element RR shown 
in Fig. 32, and, a pressure is applied to the entire surfaces 

25 of the variable resistance elements through the plate 
projections P6 disposed above. Therefore, a more efficient 
detection sensitivity can be obtained. 

In Fig. 35, an example in which four fan-shaped plate 
projections P6 are formed is shown, and these projections may 

30 be joined with each other to form a single washer-shaped plate 
projection as a whole. The variable resistance elements RR11 
through RR14 may also be arranged so that the portions of the 
film 71 and film 81 are joined with each other and four fan-shaped 
conductive layers and resistors are formed on the single film 

35 which is washer-shaped as a whole. Furthermore, in the 
above-mentioned explanation, all the variable resistance 
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elements RR are fixed to the substrate 40E side, however, it 
is also allowable that, among the variable resistance elements 
RR, the first sheet 70 is fixed to the substrate 40E side (the 
first film 71 is adhered to the upper surface of the substrate 
5 40E), and the second sheet 80 is fixed to the plate projection 
P6 side (elastic deformable body 20E side/ the second film 81 
is adhered to the lower surface of the plate projection P6) . 

Fig. 37 is a circuit diagram showing an example of a 
detection circuit which can be used for the force detector shown 

10 in Fig. 36. This detection circuit comprises signal processing 
circuit 90 with analog signal input- terminals, wherein an 
inputted analog signal is converted into a digital signal, and 
a predetermined operation with respect to the digital signal 
is executed inside, whereby an output as a digital signal is 

15 obtained. This signal processing circuit 90 is also constructed 
as a one-chip integrated circuit, and analog voltage values 
equivalent to the resistance values of the variable resistance 
elements RR11 through RR14 are inputted to analog input 
terminals TT11 through TT14 shown on the right of the figure. 

20 The lower ends of each variable resistance element RR11 through 
RR14 are grounded, and the upper ends are connected to the analog 
input terminals TT11 through TT14 and connected to the power 
supply voltage Vcc via switches SW11 through SW14 and resistors 
Rll through R14. 

25 When the switches SW11 through SW14 are turned on, a 

voltage is applied from the power supply Vcc to the variable 
resistance elements RR11 through RR14, and respective voltages 
determined by the resistance values of the variable resistance 
elements RR11 through RR14 are applied to the analog input 

30 terminals TT11 through TT14, whereby digital values in 
accordance with the resistance values are obtained. The 
inputted operation amount in the X-axis direction can be 
determined based on the resistance value of the variable 
resistance element RR11 or RR12 (or the difference in the 

35 resistance value between them) , and the inputted operation 
amount in the Y-axis direction can be determined based on the 
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resistance value of the variable resistance element RR13 or RR14 
(or the difference in the resistance value between them) . 

The switches SW11 through SW14 are switches for 
controlling voltage supply to the variable resistance elements, 
5 and while all the switches SW11 through SW14 maintain OFF 
conditions, the voltage of the power supply Vcc is not applied 
to the variable resistance elements and a current does not flow 
into the variable resistance elements. This indicates that the 
signal processing circuit 90 is in the standby mode. On the other 

10 hand, when any of the switches SW11 through SW14 are turned on, 
the voltage of the power supply Vcc is applied to the variable 
resistance element connected to the switch that has been turned 
on, whereby a current is caused to flow into the variable 
resistance element. Therefore, as mentioned above, a digital 

15 value corresponding to the resistance value of the variable 
resistance element is detected. This indicates that the signal 
processing circuit 90 is in the detection mode. 

The ON/OFF control of the switches SW11 through SW14 is 
carried out in accordance with control signals S21 through S24 

20 outputted from control terminals TT21 through TT24. In 
actuality, the switches SW11 through SW14 are comprised of 
semiconductor switches such as logical elements or the like, 
and the control signals S21 through S24 become digital logical 
signals. The signal processing circuit 90 has a CPU and a program 

25 for operating the CPU that are installed inside, and the logical 
values of the control signals S21 through S24 are determined 
by logical operations at the CPU. 

To the input terminal TT10 on the left in Fig. 37, the 
power supply voltage Vcc or ground voltage is applied in 

30 accordance with the ON/ OFF condition of the switch SW1 . That 
is, when the switch SW1 is in an OFF condition, the power supply 
voltage Vcc is applied to the input terminal TT10 via the 
resistor R10, however, when the switch SW1 is turned on, the 
input terminal TT10 turns to the ground potential. Therefore, 

35 the signal processing circuit 90 can recognize the ON/OFF 
conditions of the switch SW1 based on the potential of the input 



terminal TT10. 

This switch SW1 is comprised of, in reality, in the force 
detector shown in Fig. 36, the outside electrodes E15 and E16 
(a pair of contacting electrodes) formed on the substrate 40E, 
5 and when the outside electrodes E15 and E16 are insulated, the 
switch SW1 is turned off, and when the electrodes are in an 
electrical conductive condition, the switch SW1 is turned on. 
Therefore, for example, in the condition shown in Fig. 36 (where 
a predetermined operation amount or more in the X-axis direction 

10 or Y-axis direction is not inputted) , the switch SW1 is turned 
off, however, in a condition where a bottom conductive layer 
of the columnar projections P2 for electrodes come into contact 
with the outside electrodes E15 and E16 (a predetermined 
operation amount or more in the X-axis direction or Y-axis 

15 direction is inputted), the switch SW1 is turned on. 

Thus, the signal processing circuit shown in Fig. 37 
carries out controls so that, when the potential of the input 
terminal TT10 is the power supply voltage Vcc (the switch SW1 
is in an OFF condition) , control signals S21 through S24 for 

20 turning the switches SW11 through SW14 off are outputted from 
the control terminals TT21 through TT24, and when the potential 
of the input terminal TT10 is the ground potential (the switch 
SW1 is in an ON condition) , control signals S21 through S24 for 
turning the switches SW11 through SW14 on are outputted from 

25 the control terminals T21 through T24 . Thereby, only when a 
predetermined operation amount or more containing an X-axis 
directional or Y-axis directional component is inputted, a 
current is caused to flow into the variable resistance elements 
RR11 through RR14, whereby detection becomes possible. As a 

30 result, the standby mode in which the detection circuit cannot 
perform the original detection function is maintained until the 
switch SW1 is turned on, so that power consumption is saved. 

On the other hand, to the input terminal TT00 shown on 
the left in Fig. 37, in accordance with the ON/OFF conditions 

35 of the switch SWO, the power supply voltage Vcc or ground voltage 
is applied. That is, when the switch SWO is in an OFF condition, 
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the power supply voltage Vcc is applied to the input terminal 
TTOO via the resistor R00, however, when the switch SWO is turned 
on, the input terminal TTOO turns to the ground potential. 
Therefore, the signal processing circuit can recognize the 
ON/OFF conditions of the switch SWO based on the potential of 
the input terminal TTOO. This switch SWO is, in reality, a switch 
comprised of the inside electrodes E17 and E18 (see Fig. 34) 
formed on the substrate 40E in the force detector shown in Fig. 
36, and is turned off when the inside electrodes E17 and E18 
are insulated, and turned on when the electrodes are in an 
electrical conductive condition. Therefore, the ON/OFF 
conditions of the switch SWO indicate a switching input 
(clicking input according to the shape inversion of the domed 
structure 30) made by an operator. 
(10) Other modified examples 

In the above-mentioned embodiments, examples in which 
force detectors relating to the invention are used as input 
devices for electronic apparatuses are explained. However, the 
purpose of the force detectors of the invention is not limited 
to these input devices, and as a matter of course, they can also 
be used for detectors to be used for controlling robots and 
industrial machinery. If the operation panel is replaced by a 
weight body so that a force applied to the weight body is detected 
based on the acceleration, the force detector may be used as 
an acceleration detector. In this case, unless a predetermined 
or higher acceleration is applied, the detection circuit is in 
the standby mode, so that power consumption can be saved. 

As described above, according to the invention, a force 
detector which can efficiently suppress power consumption can 
be realized. 



